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Introduction to Neutrosophic Hypernear-rings 


1M.A. Ibrahim and? A.A.A. Agboola 
1,2Department of Mathematics, Federal University of Agriculture, Abeokuta, Nigeria 


muritalaibrahim40 @ gmail.com! and agboolaaaa@ funaab.edu.ng? 


Abstract 


This paper is concerned with the introduction of neutrosophic hypernear-rings. The concept of neutrosophic 
A-—hypergroup of a hypernear-ring A, neutrosophic A(J)— hypergroup of a neutrosophic hypernear-ring A(J) 
and their respective neutrosophic substructures are defined. We investigate and present some interesting results 
arising from the study of hypernear-rings in neutrosophic environment. It is shown that a constant neutrosophic 
hypernear-ring in general is not a constant hypernear-ring. In addition, we consider the neutrosophic ideals, 
neutrosophic homomorphism and neutrosophic quotient hypernear-rings of neutrosophic hypernear-rings. 
Keywords: neutrosophy, neutrosophic hypernear-ring, neutrosophic A—hypergroup, neutrosophic 
A(I)—hypergroup, neutrosophic A—subhypergroup, neutrosophic A(J)—subhypergroup, neutrosophic 
hyperideals, neutrosophic hypernear-ring homomorphism, neutrosophic A—hypergroup homomorphism. 


1 Introduction 


Algebraic Hyperstructures are a natural extension/generalization of classical algebraic structures. This theory 
was introduced in 1934 by Marty. Since then, the theory and its applications to various aspect of sciences have 
been extensively studied by Corsini (EER, Mittas (ED, Stratigopoulos eh and many other authors. For 
instance, Dasic in (0) studied the notion of hypernear-ring. He defined hypernear-rings, as the natural general- 
ization of near-rings, endowed with quasicanonical hypergroups (R, +) with multiplication being distributive 
with respect to the hyperaddition on the left side, and such that (R, -) is a semigroup with bilaterally absorbing 
element. In (3), Gontineac called the hypernear-ring presented by Dasic as a zero symmetric hypernear-ring 
and he studied the concept of hypernear-ring in a more general case. Kyung etal. presented in) the notion of 
hyper R-sugroups of a hypernear-ring and they investigated some properties of hypernear-rings with respect to 
the hyper R-subgroups. For more comprehensive details on hyperstructures, the reader should see scars 

A well established branch of neutrosophic theory is the theory of neutrosophic algebraic structures. This 
aspect of neutrosophic theory was introduced in (ey by Kandasamy and Smarandache. They combined the ele- 
ments of a given algebraic structure (X,«) with the indeterminate element J, and, the new structure (X (J), x) 
generated by X and J is called a neutrosophic algebraic structure. For more details about neutrosophic al- 
gebraic structures (see[AAZZES5) Recently, Agboola and Davvaz in (EEE), introduced the connections 
between neutrosophic set and the theory of algebraic hyperstructure. They studied neutrosophic BCI/BCK- 
Algebras, neutrosophic hypergroups, neutrosophic canonical hypergroups, and neutrosophic hyperrings. In 
this paper, we will investigate and present some interesting results arising from the study of hypernear-rings 
in a neutrosophic environment. This paper will add to the growing list of papers connecting algebraic hyper- 
structures and neutrosophic sets. More of such connections can be found in many recent publications some of 


which are PLAN 


2 Preliminaries 

In this section, we will present some definitions and results that will be used later in the paper. 

Definition 2.1. (3) A hypernear-ring is an algebraic structure (R, +, -) which satisfies the following axioms: 
1. (R, +) is a quasi canonical hypergroup (not necessarily commutative), i.e., in (2, +) the following hold: 


Doi :10.5281/zenodo.4001123 9 
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(a) e+ (y+z) =(x{+y)4+ forall x,y,z € R; 
(b) There is 0 € Rsuchthatr +0=0+2=~-rforallz € R; 


(c) Forevery x € R there exists one and only one x’ € R such that 0 € x +2’, (we shall write —x for 
x’ and we call it the opposite of x); 





(d) z€x+yimpliesy € —xr+zandxez—y. 


If « € Rand A, B are subsets of R, then by A+ B, A+ a and «+ B we mean 


A+B= U a+b A+ae=A+({zr},r+ B={r}4+B. 
a€A,beB 


2. With respect to the multiplication, (R,-) is a semigroup having absorbing element 0, i-e., 2 - 0 = 0 for 
all x € R. But, in general, 0x ¢ 0 for some x € R. 


3. The multiplication is distributive with respect to the hyperoperation ’’+’ on the left side, i.e., 
x-(y+2)=a-y+a-zforallz,y,z€ R. 


A hypernear-ring R is called zero symmetric if 0x = x0 = O forall x € R. 
Note that for all x, y € R, we have —(—xr) = x, O=—0, — (x+y) =—y—axand x(—-y) = —2y. 


Definition 2.2. (3h A two sided hyper R-subgroup of a hypernear-ring R is a subset H of R such that 
1. (H,+) is a subhypergroup of (2, +), 
(i) a,b € H impliesa+bC H, 
(ii) a € Hf implies —a € A, 
2. RH CH, 
3. HRCH. 


If H satisfies (1) and (2), then it is called a left hyper R-subgroup of R. If H satisfies (1) and (3), then it is called 
aright hyper R-subgroup of R. 


Definition 2.3. [8] Let (NV, +,-) be any right nearring. The triple (N(I),+,-) is called a right neutrosophic 
nearring. For all x = (a, bl), y = (c,dI) € N(J) witha, b,c,d € N, we define: 


1. o+y = (a,bI) + (c,dl) = (at+c,(b4+ djl). 
2. —a% = —(a,bI) = (—a, —bI). 
3. «-y =(a,bI).(c, dl) = (ac, (ad + bc + bd)I). 


The zero element in (NV, +) is represented by (0, 0) in (NV (I), +). Any element x € NN is represented by (x, 0) 
in N(J). I in N(L) is sometimes represented by (0, [) in N(JZ). 


Definition 2.4. (© Let (N(Z), +, -) be a right neutrosophic nearring. 
1. N(Z) is called abelian, if (a, bI) + (c,dI) = (c, dT) + (a, bI) V (a, dL), (c, dl) € N(J). 
2. N(Z) is called commutative, if (a, bJ) - (c, dI) = (c, dI) - (a, bI) V (a, dL), (c,dI) € N(J). 
3. N(ZL) is said to be distributive, if N(I) = Na(1), where 
Na(L) = {de NU): d(m+n) =dm+dn, Vm,n€ N()}. 
4. N(1J) is said to be zero-symmetric, if N(I) = No(1), where 
No(1) = {n € N(I) : n0 = O}. 
The following should be noted: 
(i) N(Z) is abelian only if (NV, +) is abelian. 
(ii) N(Z) is commutative only if (V, -) is commutative. 
(iii) N (J) is distributive only if N is distributive. 
(iv) N (J) is zero-symmetric only if N is zero-symmetric 
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3 Development of neutrosophic hypernear-rings 


In this section, we develop the concept of neutrosophic hypernear-rings and present some of their basic prop- 
erties. 


Definition 3.1. Let (R, +, -) be any hypernear-ring. The triple (R(J), +’, ©) is a neutrosophic hypernear-ring 
generated by R and J, where +’ and © are hyperoperations. 
For all ry = (u, vl), ro = (8, tI) € R(Z) with u,v, s,t © R, we define : 


lL. ry +’ rq = (u, v1) +’ (5,1) = {(p,q1): p €ut+s,qevut+t} forall ri,ro € R, 


2. 71 Org = (u, vl) © (s, tl) = (uO s,(uOt+vOs+vOt)l), the “©” and”+” on the right are 
respectively the ordinary multiplication and hyperaddition in R, 


3. —ry = —(u, vl) = (—u, -vI). 


We represent element x € R by (x, 01) € R(J), and 0 € (R, +) by (0,02) € (RUZ), +’). J © RUZ) may 
also be written as (0, J). 


Lemma 3.2. Let (R(I), +’, ©) be any neutrosophic hypernear-ring. Let ry = (u,v1),r2 = (s,tl) € R(L) 
with u, v,s,t € R. Forallry,rg € R(I) we have 


1, —(—r1) = —(-a, —61) = (—(~a), —(—8)1) = (a, 61), 
2. —(r, + re) = —1r1 — 1, 


3. —(0,02) = (0,01), 





4. T1 © (—r2) => -(r © rp). 














Proof. The proof is similar to the proof in classical case. 


Definition 3.3. Let (R(Z), +’, ©) be a neutrosophic hypernear-ring. An element (x, yI) € R(J) is said to be 
idempotent if (x, yl)? = (2, y/). 


Definition 3.4. Let (R(J), +’, ©) be a neutrosophic hypernear-ring. 
1. R(J) is called zero-symmetric neutrosophic hypernear-ring, if R(I) = Ro,o7)(), where 
RoonW) = {(#,y1) € RY) | (0,02) © (a, yt) = (0,02)}. 
2. R(Z) is called a constant neutrosophic hypernear-ring, if R(1) = R-(I) where 
RL) = {(@, yl) € RW) | (@, yl) © (pat) = (, at), V (pat) € RUD)}- 


Proposition 3.5. Every neutrosophic hypernear-ring is a hypernear-ring. 
Proof. Let (R(I), +’, ©) bea neutrosophic hypernear-ring. 
1. We shall show that (R(I), +’) is a quasi canonical hypergroup. 
(a) Let (a, bI), (c, dl), (e, ff) € R(1). Then 


((a, I) +’ (ce, dI)) +' (e, fl) = Eatecyebt+d} + (e, fl) 
+c)t+e,qe(b+d)+f} 
at+(ct+e),qeéb+(d+f)} 
p,ql):pEeatu, gebt+uv} 

(a, bI) +’ {(u, vf): uecte, vEed+f} 
= (a,bl) +’ ((c,dI) +’ (e, fD). 





(x, yl) : 
( 








RBBB A 
mn 
= 





(b) Let (0,02) € R(Z), then for all (a, BF) € R(L) we have 


(a, bl) +’ (0,01) = {(2,yl):x€a+0,yeb4+0} 
= {(z,y):cea,yebd} 
= {(a,bI)}. 


Following similar approach we can show that (0, 02) + (a, bl) = {(a,bI)}. Hence there exists a 
neutral element in R(/). 
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(c) Let (a, bI), —(a, I) € R(L), then 


(a, BI) +’ (-(a,bf)) = 





a+(—a),y€b+(—b)} 
€ (-a) +a,y € (—b) +b} 
€ {0}, ye {0}} 
bl) +’ (—(a, bI)). 


Hence —(a, bJ) is the unique inverse of any (a, bJ) € R(J). 
(d) Suppose that (x, yl) € (a, bI) +’ (c, dZ) then 


(x, yl) 


ce 


I 


— 


{(p,qf):peateqeb+ad} 
(p,qI):c€ -—a+p,d€ —b+q} 
(c,dI):c€ —a+p,de€ —b+q} 
(c, dl) € —(a, bl) as (x, yl). 





Following the approach above we can also establish that (a, DJ) € (x, yl) — (c,dI). 


2. Let (a, b), (c, dl), (e, f1) € R(Z) then 


(a) (a, I) © (c,d) = (p,qI) € RU), 
(b) Let (a, bL), (c, dl), (e, fI) € R(J) then 


p =acand gq € (ad + bc + bd). 


((a, bI) © (c, dI)) © (e, FI) 

















= (ac, (ad + be + bd)I) © (e, fI) 

= ((ac)e, ((ac)f + (ad)e + (bc)e + (bd)e + (ad) f + (bc) 
= (a(ce), (a(cf) + a(de) + b(ce) + b(de) + a(df) + b(cf 
= (a(ce),(a(cf) + a(de) + a(df) + (ce) + b(cf) + b(de 
= (a,bI) © ((c,dI) © (e, fD). 


And (a, 61) © (0,02) = (a0, (a0 + 60 + b0)I) = (0,02). 


3. Now, it remains to show the distributive of (©) with respect to (+’) on the left side. 
Let (a, bI), (c, dl), (e, dI) € R(J) then 


I 


(a, bI) © ((c, dl) +’ (e, f1)) 


(a,b1) © {(z, yl): cecte, yEed+ f} 
{(a,bI) © (a, yl): cect+e, yEed+f} 

ax, (ax + ay + bx + by)I) 
a(c+e),(a(e +e) +a(d+ f) + b(c+e) + b(d4 f))D 











ac, (ac + ad + +be + bd)I) +’ (ae, qo € (ae + af + be + bf)I) 


( 
( 
(ac+ae, q€ (actae+ad+af +bc+ be + bd+ bf)I) 
( 
( 


(a, bI) © (c, dI)) +’ ((a, bI) © (e, fD)). 














Proposition 3.6. Let {R;(I)}? be a family of neutrosophic hypernear-rings. Then ([]j_, Ri(I), +’,©) is a 


neutrosophic hypernear-ring. 


Proof. 


canonical hypernear-ring. 


1. Let (ai, oD), (ci, d;I) E Th RL), with a;,b;,c;,d; € R; fori =1---n 
Following the approach in 1 of Proposition |3.5]we have that ([]/_, R:(Z), +’) isa 


2. Let (ai, b;1), (ci, diI) E We RL), with a;,b;,c;,d; © R; fori =1---n. 
Following the approach in 2 of Proposition 3.5}we have that (4 R;(I), ©) is a neutrosophic semihy- 


pergroup. 


neutrosophic quasi 


3. To show that (©) is distributive with respect to (+) on the left side, we follow the approach in 3 of 


Proposition B.5] 


Hence we have that ([]}_, Ri(I), +’, ©) is a neutrosophic hypernear-ring. 














Proposition 3.7. Let M (I) be neutrosophic hypernear-rings and N be a hypernear-ring. Then M(I) x N is 


a neutrosophic hypernear-ring. 
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Proof. The proof follows from Proposition 3-6]. 


Example 3.8. Let (R(/), +) be a neutrosophic hypergroup and let M ( my) 


0,01) be defined by 


Mo ne ={f: RU) — RU)}, 


= (0,0/). For all f,g © M ee 


such that f((0, 0J)) (0,02) 


follows: 
(f +! 9)((w,y)) = {he MOG) | ¥ (wy) € RU), h(a, 92) € f((w, yl) + 9((@,yL))}. 


fog((#,yl)) = flg((@, yt))). 


Here the ”-++” on the right is the hyperoperation in (R, +) and o is a composition of functions. 
R(I) 


we define the hyperoperation f +’ g of mappings as 


Then (M7 0,02)" +',o) is a zero-symmetric neutrosophic hypernear-ring. 

Let f,g € Mo, ae and (a, yl) € R(L). Since f(x, yl) +’ g(x, yI) # O, then there exists h € Mean such 
that h((x, yl)) € f((x, yl)) +’ g(a, yl)). Obviously, h((0, 07)) € f((0, OF)) +’ g((0, OF)) = {(0, OF)}, ie., 
h((0,02)) = (0,02). 


RU) 


Now we shall show that (Mo 0,07)" 


+’) is a neutrosophic quasi canonical hypergroup . 





1. Let frg,he Mae and (x, yl) € R(J) then 
(ft+'g)t'h = {p|V(a,y1) € RU), p(x, yl) € f((z, y2)) + g((z,yl))} Hh 

= {q|V(z,yl) € R(Z),4((@, y1)) € p(x, yl)) + R(x, yZ))} 
= {u|V(2,yl) € R(Z),u((x, yl) € (f(x, y2)) + g(x, y2))) + h((@, yl))} 
= {u|V(2,yl) € R(Z),u((x,yZ)) € f(x, yL)) + g(x, yL)) + h(a, yD))} 
= {u|V(z, vt) € R(I),u((x, yl)) € f(x, yL)) + (g(a, y)) + R(x, yL)))} 
= {s|V(z,yl) € R(Z),s((t,yl)) € f(x, yZ)) + t((x, yl))} 
= f+' {t|V(z, yl) € RUD), t((2, yl) € g((@, yl)) + R(x, yZ))} 
= f+'(gt+'h). 

2. Let r € Mj), be defined by 7((x,yZ)) = (0,02), then for all f € Mj), we have 

(f+ r)((t,y1)) = {9|¥ (t,yl) € RU),9 € f(x, yl) +7((x,yt))} 





= {g|V (2, yl) € RU),9 € f(z, yl)) + 
{f((x, yI))}- 
Similarly, it can be shown that (7 +’ f)((a, yZ)) = 


R(I) 
TE Mo, on)" 


(0, OF) } 


I 


{f((a,yl))}. Hence, there exists a neutral function 


3. Let f,—f € Mg Gy) with (—f((#,yZ))) = 


(f + (—f))((2, yt) 


—f((a, yZ)) then 


{9 |V (x, yl) € RU), 9 € F(a, yl)) + (—F((@, 2) } 
{9 |V (2, yl) € RO), 9 € fle, yt) — fle, yD) } 

{9 |V (2, yl) € RU), 9 € {r((2,yD))} 

T((@, yl) € f((@, yD) — F((@, yD) = (0,02) € f(a, 91) — f(a, y2))- 

Hence —f is the unique inverse of any f € MG ) 


0,01)" 
4. Suppose that h € f +’ g. Then 


h {p|V (2, yl) € RUD) p((a, yl) € f(a, y2)) + 9((@, yl) } 


Mm 


Then we have that g € (—f) +’ h. Similarly, it can be shown that f € h +’ (— 
—g)andg € (-f) +h. 
+’) is a neutrosophic quasicanonical hypergroup. 


implies that f € h +’ ( 
Accordingly, Mca: 


{p|V (x, yl) € RU) g((@, yl) € —f((@, yt) 4 
{9 |V (x, yl) € RY) g(a, yD) € —f((a, yD) 4 
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It can easily be established that (1 HCE) o) is a semihypergroup having 7 as a bilaterally absorbing element 
such that (fo 7)(x, yl) = f(r(a, y1)) = f((0,02)) = (0,02) = T(z, yL)) ie, for = fr =r. 
So, it remains to prove that the operation 0 is distributive with respect to the hyperoperation on the left side. 
Let f,g,he Micon then 
fo(gt'h) = foft|V (#, yl) € RU) ly yZ)) € g((2, yl) + h((a, yZ))} 
= {p|V¥ (2, yt) € RID), p(x, yt) € fea, y2))} 
= {pl|V (2, yl) € RU), (a yh) € fg((v,yt)) + fr((@, y1))} 
= fog((@, yl) + foh((x, yl). 


Then it follows that (7 pace. ,0, +’) is a zero-symmetric neutrosophic hypernear-ring. 


(0,07) 
Example 3.9. Let R(J) = 5 (0,02), 2, = (a, 0L), ro = (b, OF), x3 = (0, a1), x4 = (0,d1), 
yi = (a, al), y2 = (a, bl), y eee = (b, bI)} be a neutrosophic set. Let Nz = {x0, 11, ¥2, 23, v4} 


aad = pss Ga). HARE We oe one an on (Das de abe alow: 


Table 1: (i) Cayley table for the hyper operation +’ and (ii) Cayley table for the hyper operation ” © ” 








(i) 
* Ga ca a ee ea tn or ta cm 
som f8} (spe om GEE} iG 
o om {ep {eho oo (e} fe} fel te 
so om om fel{e} tah (ey pl fe 
a er {= } pet { mf et { 
mom CEL Sh (Ep (chm (ey {2} 
~ om (EN Ceh CE) (E) (zp an or (3 
om CEN E} CE) (Ef oo ae GG 
om (LE) (Bh (8) (2) 





Doi :10.528 1/zenodo.4001123 14 


International Journal of Neutrosophic Science (IJNS) Vol.10 , No.1 , PP.9-22 , 2020 











(i1) 
© Xo v1 x2 X3 Ta Y Y2 ¥3 Y4 
xo ro ro Xo Xo xo XO 240) XO XO 
Ly Lo Ty v2 x3 LA Y1 Yy2 ¥3 Y4 
x2 xo x2 Ein LA xa YA Y¥3 Yy2 Y1 
XO, XO, 
x3, x3, 
&3 Aa) v3 LA x3 v4 v3 { af \ { fi \ v3, 
vA # 4 v4 
XO, x0, 
x3, x3, 
LA xo v4 x3 LA x3 v3 { i \ { es \ v3, 
v4 ‘ ‘ x4 
XO, XO, T1, r1 2, v2, 
Y1 4a) Y1 Y4 r3 v3 Y1 Y1; Y35 ¥35 
v4 v4 Yy2 Yy2 Y4 YA 
v1, X1 v2, v2, 
v3 v3 
Yy2 Ha) Yy2 YB { \ { \ Y1 Y1) ¥35 Y35 
v4 v4 
Yy2 Y2 YA YA 
X2, v2 v1, V1, 
v3 x3 
¥3 ZO ¥3 Yy2 { \ { \ ¥3 Y35 Y15 Y1) 
v4 v4 
Y4 Y4 Yy2 Y2 
XO; XO, L2, 2 v1, v1, 
Y4 4) Ya Yi v3, v3, ¥3 Y35 Y1; Y1; 
4 v4 Y4 YA Y2 Y2 





Then (R(I), +’, ©) is neutrosophic hypernear-ring . 


Proposition 3.10. Let R(I) be a neutrosophic hypernear-ring. R(I) is zero-symmetric only if R is zero- 
symmetric hypernear-ring. 


Proof. Let R(I) be a neutrosophic hypernear-ring and let R be a zero symmetric hypernear-ring. 
Then for all (7, yl) € R(J) andfor (0,07) € R(L) we have 


(0,01) © (a, yf) = (Oa, (Oy + Ox + Oy)I) 
= (0,01). 











Hence, R(I) is zero-symmetric neutrosophic hypernear-ring. 





Proposition 3.11. Let R(1) be a neutrosophic hypernear-ring and let R be a constant hypernear-ring. Then 
generally, R(I) is not a constant hypernear-ring. 


Proof. Let R(I) be a neutrosophic hypernear-ring and let R be a constant hypernear-ring. Then, for all 
(a, bI), (x, yI) € R(L) we have, 


(a,b1) 0 (x,yl) = (ax, (ay + be + by)2) 
(a, (y+aty)l) ‘ Ris constant. 
(x, yl). 


YK Il 














Remark 3.12. R(I) = {(a, yl) : x,y € R} will be a constant hypernear-ring if x is the zero element in the 
constant hypernear-ring R. And, for each z € R, z+ z= z, and 0z = z. 


To see this, pick any (0, b/), (0,al) € R(1). Since z+ z = z and 0z = z forall z € R we have 


(0,62) © (0,a2) = (0,(0a+0+ba)z) 
= (0,(a+0+a)I) 
(0, (a 
(0 





’ 2% a)I) 
al). 


Proposition 3.13. Every element in a constant neutrosophic hypernear-ring is idempotent. 











Proof. The proof follows easily from definition of a constant neutrosophic hypernear-ring. 
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Definition 3.14. Let R(J) be a neutrososphic hypernear-ring and let N(J) be a nonempty subset of R(/). 
N (1) is called a neutrosophic subhypernear-ring if N (I) is a neutrosophic hypernear-ring and N (J) contains 
a proper subset which is a subhypernear-ring of R. 


Proposition 3.15. Let R(I) be a neutrosophic hypernear-ring. The neutrosophic subset 


M(L) oor = {(@, 92) € RU): (0,02) © (#, yt) = (0, 01)} 
of R(1) is a zero-symmetric neutrosophic subhypernear-ring of R(I). 
Proof. Let (a,b1), (c,dI) € M(L)oo1), then (0,02) © (a, bI) = (0,02) and (0,02) © (c,d) = (0,02). 


1. Since every element in M(J) 0,07) is of the form (a, b/), with a,b € R. M(I)(o,07) can be written as 
(Mo, Mo(I)). Here Mo is a zero-symmetry subhypernear-ring of R. Therefore, we can conclude that 
M(J) 0,01) contains a proper subset which is a zero-symmetric subhypernear-ring of R. 


2. We shall show that (M (J) (0,97), +’) is a zero-symmetric neutrosophic subhypergroup. 
(0,02) © [(a, b1) +’ (c, dD] = (0,02) 0 {(p, ql): peate, qeb+ad} 
(0,02) © (p, af) 
= (0p, (Og + Op + 0q)I) 
Ae Ol). 
This shows that (a, bJ) + (c,dI) C M(Z)(o,01)- 
And, for all (a,b) € M()o,01), 
(0,02) © (-(a,bI)) = —((0,0I) © (a,bI)) by Lemma 
= —(0a, (0b + 0a + 0b)L) 
= -(0,02) = (0,01) by Lemmafs.2}. 
This shows that —(a, bJ) € M(I) oon. 
Thus, (M (I) 0,07), +’) is a zero-symmetric neutrosophic subhypergroup. 


I 


3. We shall show that (M (J) 0,97), ©) is a zero-symmetric neutrosophic subsemihypergroup. 




















(0,02) © [(a, BI) © (c,dI)] = (0,02): [(ac, (ad + be + bd)I)| 
= (O(ac), (O(ad) + 0(bc) + 0(bd) + O(ac) + O(ad) + 0(bc) + 0(bd))I) 
= ((Oa)c, ((Oa)d + (0b)c + (0b)d + (Oa)c + (Oa)d + (0b)c + (0b)d)I) 
= (0c, (0d+ 0c + 0d + 0c + 0d + 0c + 0d)I) 
= (0,02). 


This shows that (a, b) © (c,dI) € M(I)(o,01)- 
Thus (M (J) (0,97), ©) is a zero-symmetric neutrosophic subsemihypergroup. 


Hence, we can conclude that (M (I) 0,07), +’, ©) is a zero-symmetric neutrosophic subhypernear-ring of R(/). 














Definition 3.16. Let (A, +, -) be any hypernear-ring and let (/(I), +’) be neutrosophic hypergroup. Suppose 
that 
y:Ax M(I) 3 M(D) 


is an action of A on M (J) defined by a- (x, yl) = (az, ayl), foralla € Aandz,y € M. 
M (1) is called a neutrosophic A-hypergroup, for all a,b € A and (x, yI) € M(1J), the following conditions 
hold: 


1. (a+ b)(a, yl) = a(a, yl) + b(a, yl). 

2. (a-b)- (a, yl) = a(b(a, yl)). 

3. a-l=al. 

4. 0- (x, yl) = (0,07) and a- (0,02) = (0,02) for all (x, yl) € M(I) anda A. 

If we replace A with a neutrosophic hypernear-ring A(I), then M (I) becomes a neutrosophic A(I)—hypergroup. 
Proposition 3.17. Every neutrosophic A-hypergroup is an A-hypergroup. 


Proof. Suppose that M/(I) is a neutrosophic A-hypergroup. Then (/(I), +’) is a hypergroup. The required 
result follows. 
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Definition 3.18. Let S(J) be a nonempty subset of a neutrosophic A-hypergroup M(I). S(J) is said to be a 
two-sided neutrosophic A-subhypergroup of M (J) if 


1. (S(L), +’) is a neutrosophic subhypergroup of (M/(Z), +’), 
2. AS(I) C S(I) and 
3. SI)AC S(L). 


S(J) is said to be left neutrosophic A-subhypergroup if 1 and 2 are met. And (J) is called right neutrosophic 
A-subhypergroup if properties 1 and 3 are satisfied. 


Example 3.19. Let (J) be a neutrosophic A-hypergroup and (x, yl) € M(J), then the set 
A(w,yl) = {a(x,yl) :a € A} 
is a left neutrosophic A-subhypergroup of (I). 


To see this, let u,v € A(x, yl). Then there exist a,,a2 € A such that u = a,(x, yJ) and v = ao(x, yl) 
so that 
utlv = a(x, yl) + ag(ax, yl) = (a,x, aryl) +’ (aga, agyl) 
= {(p,al) pe mat ae, ¢ € ay + ary} 
= {(p,qI): pe (a1 t+az)a, q € (a1 + aa)y} 
= ((a1 + a2), (a1 + a2)yZ) 
(a1 + a2)(a, yZ) 
Se A(x, yl) ay + ag Cc A. 
Also, for any u € A(x, yJ), there exists a, € A such that u = a1(z, yl). 
Then —u = —(a,(a, yl)) = —a1(a, yl), this implies that —u € A(x, yl), since —a, € A. 
Since, A(x, yI) can be written as (Ax, Ay(I)), A(x, yZ) contains a proper subset which is a subhyper- 
group. Hence, A(x, y/) is a neutrosophic subhypergroup. 
Now, it remains to show that AA(az, yl) C A(a, yl). Leta € Aand u = ai(a, yl) € A(z, yl). 
We have that 


Il 


au = a(a1(x,yl)) = (aay)(x, yl) € A(x, yl), since aa, € A. 
Hence, the set A(x, yl) = {a(az, yl) : a € A} isa left neutrosophic A-subhypergroup of M (I). 


Proposition 3.20. Let B(I) and D(I) be two left neutrosophic A-subhypergroups of a neutrosophic A-hypergroup 
M (I) and let B;(1)ien be a family of left neutrosophic A-subhypergroups of an A-hypergroup M (I). Then, 


1. B(I) + D(L) is a left neutrosophic A-subhypergroup of M(I). 
2. Nica Bi(Z) is also a left neutrosophic A-subhypergroups of M (1). 


Proof. 1. We can easily show that B(I) + D(J) is a neutrosophic subhypergroup of M (J). 
Now it remain to show that A(B(I) + D(Z)) C B(I) + D(J). 
Since B(I) and D(L) are left neutrosophic A-subhypergroup of M(I), AB(I) C B(J) and 
AD(I) C D(I). 
So, for a € A, (b1, beI) € B(I) and (d;, d2I) € D(I) we have 
A(BU) + D(J)) = a((b1, b2L) + (di, dot) 
= a{(p,qI):pebi tdi, ¢ € bo +dp} 
{(ap, aql) : ap € aby + ad, ag € abz + adz} 
= {(u,vI):u€ ab; + adj, v € abz + adg} 
(u,vI) € AB(I) + AD(J) 
BUI) + DJ). 
Hence, B(I) + D(J) is a left neutrosophic A-subhypergroup. 





IN II 


2. Let by = (x, yl), bz = (u, vl) € Pe, Bi() and a € A. Then for alli € A, b1,b2 € B;(Z). 
Since each B;(I) is a left neutrosophic A-subhyperspace, for all i € A, by — bo = by + (—be) C 
B,(I), B,(Z) cantains a proper subset which is a subhypergroup and Ab; C B; (J). 
Thus, 
by — bz = by + (—b2) € () B,(J), 
iE A 
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() B;(Z) contains () B, which is a subhyperspace, 
i€A ic A 


and Ab; C {) B;(I). 


i=l 














Proposition 3.21. Let M (I) be a constant neutrosophic M(I)-hypergroup. Then 
1. any neutrosophic subhypergroup of M (1) is a left neutrosophic M(1)-subhypergroup of M(1). 
2. M(1) is the only right neutrosophic M(1)-subhypergroup of M(1). 
Proof. 1. We know from Remark 3-T2]that 
M(I) = {(0,mI):me M}. 


Now, let N (I) be any neutrosophic subhypergroup of (J). 
Let (0,21) € N(JI) and (0, mI) € M(J) be arbitrary. Then 


(0, mI) - (0,22) = (0-0, 0-2 +m-04+ mal) = (0, (a +04 2)I) = (0,20) € N(J). 
“M(D)N(Z) C NU). 
Hence, N(JI) a left neutrosophic M(I)—subhypergroup of M(I). 
2. First, (M (JI), +’) is a neutrosophic subhypergroup of (M(J), +’). 
It remains to show that (J) is the only neutrosophic subhypergroup of (/ (I), +’) satisfying axiom 3 
of Definition ,ie., M(I)M(I) C M(J). 
To see this, suppose we can find another neutrosophic subhypergroup U(I) of M(J) such that 


U(1)M(1) CU(L). Then we have (0,02) M(I) = M(I) C U(J), since M (J) is constant. 
So we must have that M(I) = U(1). The proof is complete. 














Definition 3.22. A neutrosophic subhypergroup A(J) of a neutrosophic hypergroup (R(I), +’) is said to be 
normal if for all (a, yf) € R(Z), we have (x, yl) + A(1) — (a, yL) C A(Z). 


Definition 3.23. Let (R(Z),+’,-) be a neutrosophic hypernear-ring and let A(J) be a normal neutrosophic 
subhypergroup of (R(I), +). 


1. A(Z) is called a left neutrosophic hyperideal of R(Z), if for all (a,b) € A(JZ), (x, yL) € R(Z), we have 
(x, y1)(a,b1) € A(D). 


2. A(Z) is called a right neutrosophic hyperideal of R(J), if for all (7, yJ),(u,vl) € R(1), we have 
(2, yl) +" A(1))(u, vf) — (#, yD)(u, vf) S AUD). 


3. A(JL) is called a neutrosophic hyperideal of R(Z), if it is both a left and right neutrosophic hyperideal of 
R(t). 


Definition 3.24. Let (MM (J), +’) be a neutrosophic A-hypergroup over a hypernear-ring A. A normal neutro- 
sophic subhypergroup B(I) of M (J) is called a neutrosophic hyperideal of M/(I) if for all (b1, bot) € B(L), 
(x, yl) € M(I) anda € A we have 


a+ ((w, yf) +’ (b1, bet) — a: (w, yf) € BUD). 


Proposition 3.25. Let M (I) be a neutrosophic hypernear-ring. If U(I) and V (1) are any two neutrosophic 
hyperideals of M(I) and U;(1),<, is a family of neutrosophic hyperideals of M (1), then 


1, UD)+V(1) = {ala € w+ v for some u € U(L), v € V(I)} is a neutrosophic hyperideal of M(1). 


2. U(L)V(L1) = {ala € SO, ujv; for some u; € U(L), v3 € V(I)} is a neutrosophic hyperideal of 
M(l). 


3. (ie, Ui(L) is a neutrosophic hyperideal of M (1). 











Proof. The proof is the same as the proof in classical case. 
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Proposition 3.26. Let (M(I),+) be a neutrosophic A-hypergroup over a hypernear-ring A. Let B(I) be a 
neutrosophic hyperideal of M(I) and D(1) be a left neutrosophic A-subhypergroup of M(1). 
Then D(I) + B(L) is a left neutrosophic A-subhypergroup of M (1). 


Proof. We want to show that A(D(I) + B(1)) C D(I) + B(J). 
Since B(J) is a neutrosophic hyperideal of M (I) and D(J) is a left neutrosophic A-subhypergroup of (1), 
for (b1, boT) € B(L), (x, yI) € DU) anda € A we have 
a: ((a, yI) + (b1, bet) — a: (w, yD) C BU). 
So, for (b3, bal) € B(L), 
a+ ((@, yl) + (b1,b21)) = (b3, bal) + a- (x, yl) 


(ax, (ay)L) + (bs, bal) 
D(I) + B(D). 


IN Il 














Hence, D(I) + B(J) isa left neutrosophic A-subhypergroup of M(I). 


Proposition 3.27. Let M(I) be a neutrosophic A(I)— hypergroup over a neutrosophic hypernear-ring A(I). 
If B(1) and D(1) are any two neutrosophic hyperideals of M(1), then 


(B(I) : DD) = {(a1, dat) € AMZ) : (a1, a2I) DT) C BUD} 
is a neutrosophic hyperideal of M(1). 


Proof. Let (b1,b2I) € (B(Z) : D(1)), (di, del) € D(L), (a1, a2T) € A(Z) and (mi,m2I) € M(L) be 
arbitrary elements. Then (b1, b2I) (di, d2I) = (1, beT) and it implies that bid, = b1, bidg+bed\+bod2 = bo. 
We want to show that (B(I) : D(J)) is a neutrosophic hyperideal of M(I). 

To see this, we only need to show that 


(a1, a2f) : ((m1, mM2I) + (by, boI)) — (a1, G2I)(m4, maf) Cc (B(I) D(I)). 


Now, 
[(a1, dof) : ((m1, M21) + (b,, boI)) =. (1, d2I)(my, M2L)] (dy, del) 
[(a1, dal) (my + bi, (mo + b2)I) = (a1, a2I)(m1, Mel) (di, def) 
[(aymy + aby, (arma + a,bg + agm, + a2b1 + agm2 + agb2)I) 
—(aym, (arma + agmy + agmel)|(di, dgI) 
— [a1b1, (arbe + agby + agb2)I\(di, dzT) 
((a1b1 )di, ((@1b1)d2 + (aib2)dy + (a1bz)d2 + (azb1)dy + (azb1 dz + (agb2)di + (azb2)d2)I) 
(a1(b1d1), (a1 (b1d2) I ay(bedy) + ay (bed2) + a2(bid,) Tr a2(bid2) as a2 (bed) + a2(bedz))I) 
_ (arbi, (a1 (bi da + bod, + bed2) + a2(bi do + bod, + bed2) + azb1)I) 
( 
( 


I 











ay,by, (azbe + agbe + agb;)I) 
a1, A2I)(by, bel). 
Hence, (a1, a2!) : ((m1, MoI) + (b1, boI)) = (a1, G2I)(m4, mf) Cc (B(I) : D(I)). 














Definition 3.28. Let M/(J) be a neutrosophic hypernear-ring and let (a, yl) € M(I). The set 
Ann((x,y1)) = {(m,nI) € M(I) : (x, yl)(m, nt) = (0, 01)} 
is called the right annihilator of (a, yJ). 


Proposition 3.29. Let M (I) be a zero-symmetric neutrosophic hypernear-ring. For any (x,yI) € M(J), 
Ann((a, yl)) is a right neutrosophic M (I)—subhypergroup of M(1). 


Proof. Ann((x, yI)) 4 @. Since there exists (0,07) € M(J) such that 
(x, yI)(0, 02) = (x0, (x0 + yO + y0)I) = (0, 0). 


Let (a, bI), (c,dI) € Ann((a,yI)), then (x, yI)(a, b1) = (0,02) and (x, yI)(c,dZ) = (0,0) from which 
we have xa = 0, xb + ya + yb = 0, xc = Oand rd + yeo+ yd = 0. 

So, 

(a, yl) [(a,b1) + (c,dD] = (a2,yD{(p,qI):peat+c,qeb+d} 
x, yl)(p, qf) 
xp, (xq + yp + yq)1) 
0, OF). 


( 
( 
= tf 
( 
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This implies that (a, DI) + (c,dI) C Ann((a, yl)). 


Also, 

(x, yl)(—(a,bI)) = —((a,yI)(a,bI)) From LemmaB.JJ 
= ~(0,02) 
= (0,02). 


Lastly, we will show that Ann((a, yl)) M(I) C Ann((a, yl)). To this end, let (u, v2) € M(J) and (a, bl) € 
Ann((a, yZ)) so that 


(2, yD)[(a,b1)(u, vf] = 


8 
< 

a 
~~" 

Sg 


u, (av + bu + bu) 1) 

(av) + x(bu) + x(bv) + y(au) + y(av) + y(bu) + y(bv))Z) 
(wa)u + (wb)u + (xb)u + (ya)u + (ya)u + (yb)u + (yb)v) I) 
((ab + ya + yb)u) + ((xa + xb + ya yb)u 














II 
a 

—_ ~~ 

8 

a 

wa 

&s 
—_~——~ 
7 


So, (a, bI)(u, vl) € Ann((x, yI)) from which it follows that Ann((x, yl))M(Z) C Ann((a, yl)). 
Hence, Ann((x, y/)) is a right neutrosophic M(I)— subhypergroup of M(J). 














Definition 3.30. Let W (J) be a neutrosophic hyperideal of a neutrosophic hypernear-ring ((/(1), +’, -). 
The quotient M/(I)/W (1) is defined by the set {[m] =m+W(I):me M(D)}. 


Proposition 3.31. Let M(I)/W(1) ={[m] =m+W(I):meV(D)}. 
For every |m| = (m1, M2I) + W(L), [n] = (m1, nol) + WU) € M(1)/W(L) we define: 


[m] ® [n] = (m1, mal) + W(L) @ (m4, nol) + WD) = ((m +’ 101:), (m2 +’ n2)T) + WD) 


and 
[m] © [n] = [m- n] = (mini, (Ming + Men, + M2N2)l) + WL). 


(M(1)/W (1), ®, ©) is a neutrosophic hypernear-ring called neutrosophic quotient hypernear-ring. 











Proof. The proof is similar to the proof in classical case. 





Definition 3.32. Let M/(I) and N() be any two neutrosophic hypernear-rings. 
a:M(I1) — N(J) 
is called a neutrosophic hypernear-ring homomorphism, if the following conditions hold: 
1. ais a hypernear-ring homomorphism, 
2. a) =T. 


Note: If M(I) and N(JI) are any two neutrosophic A-hypergroups. Then a is called a neutrosophic A- 
hypergroup homomorphism if a is a A-hypergroup homomorphism and a(I) = I. 


Definition 3.33. Let a be a neutrosophic homomorphism from M (J) into N(J) then 
1. Kera = {(a, yl) € M(J): a((a, yl)) = (0, 07)} and 
2. Ima = {(a,bI) € NZ): (a, bI) = a((a, yl)), (2, yD) € M(D)}. 


Proposition 3.34. Let A(I) and B(1) be two neutrosophic A-hypergroup over a zero-symmetric hypernear- 
ring A. Let a: A(I) —> B(1) be aneutrosophic A-hypergroup homomorphism, then 


1. Kera is not a neutrosophic hyperideal of A(1). 
2. Kera is a two-sided A-subhypergroup of A. 
3. Ima is a left A—neutrosophic subhypegroup of B(1). 


Proof. 1. Since a is a neutrosophic A-hypergroup homomorphism, we know that a(I) = I. 
Then (a1, a@2I) € A(Z) with aj, a2 € A will be in the Kera if and only if a2 = 0. This implies that 


kera = {(a1,0I) € A(I)} 
which is just a subhypergroup of A. Hence, ker a is not a neutrosophic hyperideal of A(Z). 
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2. From 1, we have that kera = {(a,,0I) € A(J)} is a subhypergroup of A. So, it remains to show that 
A(Kera) C Kera and (Kera)A C Kera 
To see this, let b € A and (a1, 0I) € Kera be arbitrary then 


ba((a1, 0L)) = a((bay, (b0)I)) = a((bar, OF)) = (0,02) € Kera, 


and 
a((a1, 0L))b = a((ayb, (0b)I)) = a((a1b, 0F)) = (0,02) € Kera. 


It implies that A(f-era) C Keraand (Kera)A C Kera. Hence ker a is a two-sided A-subhypergroup 
of A. 


3. By definition Ima = {(a,bI) € BZ): (a, bI) = a((a,yI)), (x, yl) € A(ZD)}. It is clear that Ima 
is a neutrosophic subhypergroup of B(I). So, it remains to show that A(Ima) C (Ima). Now, let 
(a, bI) € Ima and a, € A be arbitrary, where (a, bI) = a((x, yI)) and (x, yl) € A(JZ), then 


ay(a, bl) = aya((a, yl)) = a((a12), (ary)I). 
Since A(I) isa A— hypergroup, then ((a1x), (a1y)I) € A(Z). So, we can say that 
a(((a12), (a1y)I)) € Ima. And it implies that A(Ima) C Ima. Hence, Ima is a left neutrosophic 
A-—subhypergroup of B(I). 














Proposition 3.35. Let A(I) and B(I) be any two neutrosophic hypernear-ring and let a: A(I) —> B(1) be 
a neutrosophic hypernear-ring homomorphism, then 


1. Kera is not a neutrosophic hyperideal of A(1). 
2. Kera is a subhypernear-ring of A. 
3. Ima is neutrosophic subhypernear-ring of B(1). 
Proof. 1. The proof follows similar approach as proof | of Proposition B-34] 
2. Kera = {(a1,0) € A(J)}. It is easy to show that kera is a subhypernear-ring of A. 


3. The proof is similar to the proof in classical case. 














4 Conclusion 


We investigated and presented some of the interesting results arising from the study of hypernear-rings in the 
neutrosophic environment. The concept of neutrosophic A—hypergroup of a hypernear-ring A, neutrosophic 
A(I)—hypergroup of a neutrosophic hypernear-ring A(J) and their respective neutrosophic substructures were 
presented. It was shown that a constant neutrosophic hypernear-ring in general is not a constant hypernear- 
rings. We hope to study more advanced properties of neutrosophic hypernear-ring in our future work. 
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Abstract 


The purpose of this article is to study neutrosophic polynomials i.e. polynomials which are Neutrosophic in nature 
and study its properties with the help of neutrosophic numbers. Apart from this we discuss different types of 
neutrosophic polynomials with concrete examples and establish some theorems and results which will be useful for 
the further study. We also give a solution method to find the approximate roots of a neutrosophic polynomial 
equation. 


Keywords: Neutrosophic numbers; Neutrosophic polynomials; Synthetic division; Multiple roots 


1.Introduction 


Zadeh [1] is the initiator of fuzzy set. It is a such kind of mathematical tool by which we can generalize the 
classical concepts by introducing membership function. Fuzziness is determined by a membership function. So it 
plays a vital role for the fuzzy representation. Fuzzy set mainly concerned with membership function and there are 
different methods for the determination of membership function . So sometimes to choose the best method to get the 
best result is a tedious job. Embedding the idea of uncertainty, Gau and Buehrer introduced vague set [2] , Goguen 
initiated L-fuzzy set [3] and Pawlak introduced Rough set [4]. Some other extensions of fuzzy sets are mentioned in 
[5-7]. These generalized concepts enhance the scope to solve the uncertain problems appropriately. 


Sometimes it is difficult to represent uncertainty by assigning a single real value , that’s why interval -valued 
fuzzy sets was proposed . In expert system, in belief system etc there is a need to consider both truth-membership 
and the falsity membership for actual elucidation of an element in undetermined, ambivalent domain. For such 
situation both fuzzy set and interval-valued fuzzy set are irrelevant to use. In suchlike circumstances only 
intuitionistic fuzzy set is recommended. It can operate the deficient data with the help of falsity-membership. But 
there exists indeterminate and inconsistent data in uncertain environment which can’t be handled by such type of 
sets. 
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From logical view if somebody ask me to read the mind of a person then how it can be done. We know that 
human mind mainly divided into three parts which are responsive mind, senseless mind and dormant mind. Dormant 
means it is partially responsive and partially senseless. So it can’t be measured by neither membership value nor 
non-membership value. It is a type of indeterminacy. In real life problems also we come across with such a situation. 
So we need another convenient tool which can be able to measure the level of indeterminacy along with 
membership and non-membership. Which leads to the introduction of Neutrosophic sets. Smarandache [8] is the 
pioneer of Neutrosophic set. By adding indeterminacy with intuitionistic fuzzy set , Smarandache defined 
neutrosophic set . Pertaining the idea of Neutrosophic sets several theories , results and applications are developed 
by the researchers and Mathematicians of all over the world. Some of their contributions are mentioned in [9-13] . 
For parametric nature in a data one more numerical tool developed by Molodtsov [14]. In [15], Maji et al. study 
and describe various properties of soft set. It has been successfully used in various aspects. It is considered even as 
more general framework of modeling and manipulating the vague concept. In 2012, Maji [16] introduced 
Neutrosophic soft set (NSS). Application of neutrosophic soft set shown in [17]. Several works related to NSSs have 
been done effectively over various discipline by the neutrosophication in data . 


In this work we mainly concerned with Neutrosophic polynomials and its types. We also contribute some 
theorems and results based on Neutrosophic polynomials and try to develop the earlier concept of classical 
polynomials so that we have a bright scope to use it further and to establish new theories and results related to 
polynomials which are indeterministic in nature. For practical purpose we include [18-21]. 


The present article is arranged in the following manner : 


Section-2 comprised with Neutrosophic numbers and basic operations on them. In section-3, firstly defined 
neutosophic polynomials and its types and then deduce some theorems and give examples of each type to justify the 
results.In the last section(in section-4), the main purpose of the paper is discussed briefly. 


2. Classical Neutrosophic Numbers and basic operations 


Here, we give the basic definition of Neutrosophic Numbers and its properties. 


Definition 1. A classical Neutrosophic number is of the form X+ YS , where X , y are real or complex 


coefficients and S$=indeterminacy, such that 0.3 =0 and 3” = 3. In general 3” = , for all positive integers 
n. If xX, y are real then X+ YS is called Neutrosophic real number otherwise it is known as Neutrosophic 


complex number. 3-53, 6+83 etc are examples of Neutrosophic real numbers and 
(4+ 37) + (4-2i)3, (3-27) +i3 etc are examples of Neutrosophic complex numbers where 


i = V-1 and 3 denotes indeterminacy. 


Generally a Neutrosophic complex number can be written as x +iy+235+ti3, where x, y,z and ¢ are reals and 


i=~-1. Indeterminacy 3 (with non-zero coefficient) in a Neutrosophic number is known as a true Neutrosophic 
number . In our work we mainly concerned with Neutrosophic real numbers. 


Definition 2. If p, + Sq, and py +3q, be two classical neutrosophic real numbers then their division is denoted 


by P\ ical = 


= a+ 3b, where p,and q,are real and they never zero together and 3 denotes indeterminacy. 
P2*~42 





On comparing both sides 
P24 = p, and gna + (Py + qo )b= 44 
For one and only one solution , we have 
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P2 i #0 








a P45 
Or, Py (Py +99) #0 
or, Py # Vand py #-qy 

Dp PAN — P\@ 

Then, a = | and b= i a 

Py py (vy +49) 








P| +3qy me | 43 P2h — P\I2 


Thus, Po +49 Po Py (>, + 4) 


Results 1. For the division of neutrosophic real numbers we have the following results: 





+q3 +q3 1 
saa Ea fora # Oand p+q3 40 


1. 
pAat+qas A(p+ qs) A 


~ 

















S 7) 1 
2. == x S= =-J, for pp #0and p+q3 #0 
ptqs— p(p+qs) p+qs . a 
3. > = undefined, for either A=0 or 3 doesnot take any non zero value. 
In particular: 5 = undefined 
p+Sq _ =P 4 
4, =~4+—.5 
7 7 + 7 3, for 2 #0 
r r qr 
5: = S,for p#0and(pt+q3) #0 
p+gs P(pt+q3) od ee) 





3. Neutrosophic Polynomials 


Firstly we give the notion of neutrosophic polynomials with a concrete example then some results based on it are 
established. 


Definition 3. Neutrosophic polynomial is a polynomial whose coefficients (atleast one of them contain ‘3 ) are 
neutrosophic numbers . If its coefficients are neutrosophic real numbers then it is called neutrosophic real 
polynomial otherwise it is called neutrosophic complex polynomial. 





P(y) =3y* +4 Dy—(5439) and Q(x) = 4x" + (16:9) x7+75x— 6:3 are examples of neutrosophic real 
polynomial and neutrosophic complex polynomial respectively. 
In this work we mainly concerned with neutrosophic real polynomials. 


In general any expression of the form Py, (x) = pox” + rt a apes 
Y xp: N Po P| P92 


are neutrosophic real numbers in which at least one of the coefficient contains indeterminacy( <3) and 71 is a 
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positive integer is called neutrosophic real polynomial of degree n if p, #0. The terms of a neutrosophic real 


polynomial with zero coefficient are normally omitted. 


From logical view we give a real example of Neutrosophic polynomial in the following way: 


We brought a cake from a bakery which has a volume 120 cu.units. Length of the cake is 2 units more than its 
breadth and its hight is slightly more than its breadth. We consider a,b and c for length, breadth and height 


respectively. Using the given condition we write a =b+2,c=b+, where <3 is the indeterminacy involved in this 


problem. So such a situation can be shown as 


120 = (b+ 2)b(b+3) 
or, (b? +2b)(b +3) = 120 


oF, (b° +b 3425" +256) =120 
2 











orb” £b (S42) 425 = 120 


Which is the required neutrosophic polynomial for the above problem. 


Now the question arises how we solve this type of equation. To do so we consider some examples. 


Example 1. Find the roots of the neutrosophic real polynomial ee +(104+3)x+43=0. 


Solution. We have, 


6x” + (104+ 3)x +43 =0 








(10+) + \0+3)? -4.6.43 

















or, x (using the quadratic formula) 
12 
-10-3+5y4-35 
or, x = 
12 

4 

Let, V4-33 = a+ 3b, whereaand Dare real and 3<—. 
3 

or,4-33= ie 2abS 4 73 

on 4=39 Sa XQabebS 

a’ =4 2ab +b* = -3 

a=+2 





Whieng obo eps 0S pS 3 


sid whanw=ao bape se IS eee 





Putting the values of a and b in the above equation we get the values of x which are 
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0 
Therefore, ' ‘ A ‘ is the solution set, where 3 < 
2 


| 


Now we check the other properties of the polynomial. 


Seal oe OPS ap Se ag 
ear. y, _- = = = = 
Ni 9) NL 3 nN =e NG 


Let, Py (x) = 6x" + (10+ S)x+43 then 


sOm Nas INA te) 


Clearly, the above neutrosophic polynomial has more than one factorization i.e it is not unique and the number of 
roots are more than that of the degree of the neutrosophic polynomial. 














Let us take one more example to get more concrete result 


Example 2. Find the roots of the neutrosophic polynomial x -63=0 





Solution. ee -63=0> e =63 > x=+V69 
Let, 65 = a+ 3b, where aand bare real and 3>0. 


or, 63 = a +(2ab +b?) 








or,a=0 b° 6>b=+V6 


or, (63 =V6.V5=V6 5 


Therefore, the solutions are +63 


In this case it obeys the property of classical polynomial as the degree of the polynomial is equal to the no of roots. 
So there is no such proper relation between the degree and the number of roots of a neutrosophic polynomial . But 
one thing is clear from these two examples that number of roots will be either the degree of the polynomial or 
double of its degree. It is for the reader to verify the roots of the higher degree polynomial to get more concrete 
results. 


Remark 1. Number of roots of a neutrosophic polynomial of degree 71 = | will be n or 2n or 3n........ and so on. 


Definition4. A neutrosophic polynomial without any zero coefficient is called a complete Neutrosophic polynomial 
otherwise it is incomplete. 


DefinitionS. A neutrosophic polynomial whose coefficients are zero and it is represented by 0=0.5 is called 
vanishing Neutrosophic polynomial. 


Definition6. Two neutrosophic polynomials are said to be equal iff their corresponding coefficients are alike and 
their corresponding indeterminacies converges to a fixed value. 


DOT: 10.5281/zenodo.4001128 7 


International Journal of Neutrosophic Science (INS) Vol. 10, No. 1, PP. 23-35, 2020 





3.1 Division algorithm 


(a a (x) and Py (x) be two neutrosophic polynomials where deg (by (x) < deg (Py (x) , then to divide 
Pe (x ) by Py (x ) is to establish a relation of the form 

P, (x)=y (x).Oy + Ry. 
Where Q,, and R,, are respectively the quotient and the remainder and _—_ deg (R i) < deg (oy (x) Here Qy 


and R,,are unique. If Ry =0, then Py e: ) is completely divisible by Py (x) ‘ 


3.2 Synthetic division method 


It is a process in which we divide a polynomial of degree n by a binomial under neutrosophic environment. 


Let, 

Py (x) = (ag + 3)2" + (a + 3)x E+ (ay S)x at (Gy, + 3), Where (ag +3) #0 

and the binomial is (x — (3 + h)) 

By division algorithm, we have 

(ay + 3)x" + (a, +)" $ (A, FT)? tee. +(a, +3) (x (34 h))[ , + 3)x"! + (D+ 3)x" 7 + (DL + T)N"O toe. +(b, ,+5)+(R+ 3)| 








Equating the coefficients of like powers, we have 
agt3=h+3 








a + 3=(b) +3-b)3-3—hby Sh) => by = a, + hb) + 30 +h +b) 

















Similarly, 
by = dy +hby + 3(1+h+b,) 
bz =a, +hby + 3(1+h+bp) 





Thus, we establish an easy approach by which we calculate the coefficients of the quotient and the remainder as 
follows: 


aA, +3S ats 0 is es ir cre a,+3 


by (S+h)+3(S+h) B(StA)FESNS+H+A) eee b (S+h)+3(S+h) 


by +3 b+3 Desh ees R+3 
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Notel. If we divide a neutrosophic polynomial Py, (x) by (ax—(b+ 3), we first to find the quotient(] ) and 
(b+ 3) 
a 





remainder( $2) in the division of fa (x) by [> = , then the quotient and remainder in the division of 


Py (x ) by (ax —(b+ 3) will be = and respectively. 
a 


Example3. Using synthetic division method divide x" +(54+3)x° + (44+ 3)x? +(8+ 3)x—(20+35) by 
(x-(1+3)) 


Solution. By synthetic division method, we have 


1 545 443 8435 -(204+5) 
(1+ 3) 6489 104183 18+565 


1 6+ 5 10+9 S 18+19 3 -2455 5 


Q=x° +(6+3)x7 +(104+9S)x+(184193) and R =-24555 


3.3 Remainder theorem 


Statement. If a Neutrosophic real polynomial be divided by a neutrosophic binomial (x-(3+h)) then the 


remainder is Py (3S + h) 
Proof. By division algorithm, 


P (x)=(x-(S+A))O+(R+3) 


Puttting x = 3+h, we have (R+3)=P,(S3+h) 





Example4. Find the remainder when = (34 3)x? + 4x —3 is divided by (x —(2+5)) 
Solution. By remainder theorem, 


ae (2 + 3) =1—‘S, which is the required remainder. 
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Example5. Find a relation between r and s when 2x° (74 3)x? +(r+3)x+(s+3) is exactly divisible by 
(x-(3+J)) 


Solution. By remainder theorem, 
P, (3 + 3) =0>r(+3)+s=9-1493, which is the required relation 
Results2. We have the following results 


1 Let hy (x )be a Neutrosophic Polynomial which vanishes when x takes the values pp +3, Pp» +3, p, +3 
pcaeaee , P,, +S where no two of which are equal then the product 


(x= (Py + SMR (Pq + S)y eee (x-(py + 3)) =0. 
2. A Neutrosophic polynomial ae (x ) of n-th degree (n > 1) can be vanish for more than n values of x. 


3.4 Method to express a given neutrosopic real polynomial PB, (x) as a function of (x = (3+ h)) 

















Procedure. 
Let Py (x) = (ag + S)x" + (ay + 3) + (dy $3) reset (Gy +3) (1) 
by (x-(34 hy)" + by (x-(S4 sae See b_(s-(S+h)) + +3) (2) 
=(x-B+h)| by (x (34h by (x-(S4 ae by | + (by +3) 


= (x-(3+h)) Q[(x-(3+A))] + Gy +3) 





Where Q[ (x —(3+A))] is the quotient and (b, +%)is the remainder.Therefore, the remainder is the last 
coefficient of (2). If Q[(x-(3+h))] divided by (x—-(3+A)) the remainder will be (b,_; +3),which is the 
coefficient of (x-(S+4)) in (2). 


If we continue like this , we obtain, after each successive division (b, +3),(6,_) +3) 5.15 (By +3) and 


(by, + 3) = (apt 3). 


Thus, the synthetic division method is applied for successive division as at each stage we get the quotient and the 
remainder. 


Example 6. Express Py (x) = - +(5+ 3)x° +(3+3)x as a polynomial of (x — (1+ 3)) 


Solution. By using synthetic division method successively, we have 
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1 0 5+3 0 
1433 


644 3 
2463 








6+143 





SS SS 


9+35 3 
8t+283 144983 


3+3 












3+93 114493 


11+193 
44123 


154+313 


Py (x) =x? +(5+ Sx? +34 5)x 


+1333 


0 


6+143 64343 94793 


9+79 S 


= (x-a+H) +(5+53)(x-0+3))" +(15+319)(x-d+3)) +(25+913)(x-(+3)) 


+ (23 +1333)(x-(1+ 3))+(9+793) 


Theorem1. In the neutrosophic polynomial 


(ay +3)x" +(a,+3)x"' +(a,4+3)x"? + 


+(a, +3), where (a, +3) #0 


the leading term 


a,+3 
(a) + 3)x" exceeds the sum of the remaining terms for x > —*_~ +1, where a, + Sis the greatest coefficient 


irrespective of sign. 


Proof. 
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(ay + 3)x" > (a, + Sx + (ay + Bx $e (dy +3) 
Gp 4 Se" Sap eG tx" Sis + (x+1)), (az, +3) being the greatest coefficient 
n 
: : en ny * 
ie., if (ag +3)x° > (a, +3) = 
(a, +3) 
if x" >—4* Poa) 
(ag + 3) 
ay + 3 
This holds if ——*-~ _ < 
(ag + 3)(x-1) 
(ay +3) 
If x = + 
(a + 3) 


Hence the theorem. 


3.5 Multiple roots 


Let (a, + 3) , (a, + 3) setcads ; (a, + 3) be the roots of the equation Pee (x) =0 in which first r(r<n) 
quantities of them be equal to (a, + <5); then we write Py, (x) =(x, -(a,+ 3))’.A(x) ; (a, + 3) #0 


and (a, 5 3) is a root of the equation Wa (x ) = 0 of multiplicity r. 


Theorem2. If (a, +3)be a root of PF (x) =Oof multiplicity r, then (a, +S)is a root of Pi (x)of 


multiplicity (r-1), where P, e ) is the first order derivative of Py (x) : 


Proof. It is straight forward. 


3.6 Newtons method of approximation 


Let Py (x ) = 0 be a given Neutrosophic polynomial equation in x and it has a root nearly equal to a, + Ssuppose 


itis @, +3+h, where his very very small. 
/ he 
~ A ~ ~ // ~ 
P,(a@,+3+h)=P,(a,+3)+hP, (a, HO) oe Cae Lene eee 
Since @,+3+h isa root then Py (a@,+3+h)=0 
/ he 
Py (a +3) +h Py (a +3)+> Py (a, +3)+ eoaee =0 
Neglecting the square and higher powers of h, it becomes 
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P,(a@,+3)+hP, (a, +3)=0 


SS oe (a, +3 ) 
or, h = tT in 
Pe (a, +3 ) 
Fi (a, +3 ) 
Hence the first approximation of the root will be B =a,t+ S- j = 
P, (a, +3) 
P +35 
Then its closer approximation will be B ae) 
P, (+3) 


Proceeding in this manner we may obtain an approximation which is very close to the root upto any desired degree 
of accuracy. In this way approximation is usually rapid. 


Example7. Find the real root of (1— 3) x° +(3 + 3)x +(4+3) =0 correct upto 3 significant places. 
Solution. It is left for the reader. 
3.7 Symmetric Neutrosophic Functions of Roots 


By symmetric neutrosophic functions we mean those functions which remained unchanged in value when any two 
of its roots are interchanged. We can find the values of symmetric neutrosophic functions of roots interms of the 
coefficients. 





Example 8. If (a7+3),(8+3),(v+53) be the roots of fa (p+3)x" +(r+3)=Othen, find the equation 


(B+3 +(7+3) (y+ 3)+(a@+3) (a+3)+ B+3) 
(a+3) ~ (g+3) ~ y+3) 


—S 





whose roots are 








Solution. 








Let y= 





(6+3)+ y+3) (8+3)+(7+3)+@+3) (a@+3) 
a 

















apa) > at+3= 
(2: 


+3 
Replacing x by E in the equation then it becomes 
ytl 





(r+3) 9° +3(r-+t)y? +{(3r—p?)+3(4-3p? +3p)} y+ r+ 3) =0 


Here we note that due to the symmetric nature of the roots we have obtained the required equation so easily. 


3.8 Relation between roots and coefficients of a of a Neutrosophic polynomial equation 
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Let Py (x) = (ag 3) x” 4 (a, i eee (a, 3)x (ay, 3) be a Neutrosophic polynomial of 
degree nN. Let Pela =0 have n roots (a, +3), (a, +3), scveneey (ay, +3). 


(x= (a + I)(X- (Gy +3) 


(ag +S)x" + (aj +S)x7 tonne t (ayy + 3)x+ (aq +3) = (ag +3) (x= (Gq, +3) 




















ats) o_ a yt+s a,+3 

7, {41 mt, Scspais (an ) ate (04, +B) (dy + 3)). (= (ty +3) | 
(a +3) (4 +3) (a +3) 

=> x4 (4 * 5) gM acs + (n-1 u 3) x+ (an = a) =x" —X(ay + gx! + U(a] + 3)(ay + gx? Lay + 3)(aq + 3)(3 + ax3 Soaked 


(ag +5) 


+(-1)" (@ + 3)(@q + 3)....(Gy +3) 


Equating both sides we write the following 





__ (4 +53) 
5) 


Xa, +3) = tags) 
Pes 
0 


ay +S 














4. Conclusions 


In this article we have studied neutrosophic real polynomial whose coefficients are neutrosophic numbers . Then we 
study some of its properties and introduce synthetic method of division to find the quotient and remainder easily. We 
also give a solution method to find the approximate roots of a neutrosophic polynomial equation. Some concrete 
examples are given. There is some possibility to use this concept to find the real roots by using different 
approximation method. Under neutrosophic environment we will use this concept to solve real life problems based 
on mensuration, trigonometry, geometry etc. We also include some papers in reference section for practical 


purpose. 
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Abstract 


In this paper, we will define the exponential form of a neutrosophic complex number. We have proven some 
characteristics and theories, including the conjugate of the exponential form of a neutrosophic complex number, 
division of the exponential form of a neutrosophic complex numbers, multiplication of the exponential form of a 
neutrosophic complex numbers. In addition, we have given the method of changing from the exponential to the 
algebraic form of a complex number. 


Keywords: Neutrosophic numbers, neutrosophic complex number, the exponential form of a neutrosophic complex 
number. 


1. Introduction 


The American scientist and philosopher F. Smarandache came to place the neutrosophic logic in [1-5], and this logic 
is as a generalization of the fuzzy logic [6], conceived by L. Zadeh in 1965. 


The neutrosophic logic is of great importance in many areas of them, including applications in image processing [7- 
8], the field of geographic information systems [9], and possible applications to database [10-11], and have 
applications in the medical field [12-15], and in neutrosophic bitopology in [16-18], and in neutrosophic algebra in 
[19-23], professor F. Smarandache presented the definition of the standard form of neutrosophic real number and 
conditions for the division of two neutrosophic real numbers to exist, he defined the standard form of neutrosophic 
complex number [24], and Y. Alhasan presented the properties of the concept of neutrosophic complex numbers 
including the conjugate of neutrosophic complex number, division of neutrosophic complex numbers, the inverted 
neutrosophic complex number and the absolute value of a neutrosophic complex number and theories related to the 
conjugate of neutrosophic complex numbers, and that the product of a neutrosophic complex number by its conjugate 
equals the absolute value of number [25]. 
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This paper aims to study and define the exponential form ofa neutrosophic complex number by defining the conjugate 
of the exponential form of a neutrosophic complex number, division of the exponential form of the neutrosophic 
complex numbers, and multiplication of the exponential form of a neutrosophic complex numbers. 


2. Preliminaries 


In this section, we present the basic definitions that are useful in this research. 


Definition 2.1 [24] 
A neutrosophic number has the standard form: 
at bl 
where a, b are real or complex coefficients, and J = indeterminacy, such 0.J = 0 
I” =] for all positive integer n. 


If the coefficients a and b are real, and then a + b/ is called neutrosophic real number. 


For example: 5+7/ 


Definition 2.2 [25] 
z is a neutrosophic complex number, if it takes the following standard form: 
z=at+bl+citdil 


Where a, b, c, d are real coefficients, and /=indeterminacy, and i? = —1. 


Division of Neutrosophic Real Numbers [24] 
(a, + byI) = (a2+ bz!) =? 
We denote the result by: 


a, + byl 


eR I 
az + byl ee 


a1 
a2 


and 


_ 42b1 — a4b2 


a2(a2 + b2) 


Definition 2.4 [25] 
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Suppose that z = a + b/ + ci + di is a neutrosophic complex number, then the absolute value of a neutrosophic 
complex number defined by the following form: 





|z| = /(a+ bl)? + (c + dl)? 


3. The Polar form of a Neutrosophic Complex Number 
In this section, we present and study the exponential form of a neutrosophic complex number. 
Definition 3.1 


We define the Exponential Form of a Neutrosophic Complex Number as follows: 
geapelesy 


where r the Absolute Value of the neutrosophic complex number. 


Remark 3.1.1: 


From the general form: 
z=a+bl+citdil 


a+bl ci+t dil 
z=r(——— +) 
rT Tr 





at+bl .c+dIl 
aa +1: ) 
r r 


Remark 3.1.2: 


r= |z|)=J(a+ bl? + (c+dl)? 
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y 





Figure 1: The Geometrical Figure 


The formula neutrosophically works in the following way: 

x = atbI is a neutrosophic number whose determinate part is "a" and indeterminate part is "bl", where I = 
indeterminacy; 

similarly y = c+dI is a neutrosophic number whose determinate part is "c" and indeterminate part is "dI"; 

© = 0+ Iisa neutroosphic angle, whose determinate part is © ("theta") and indeterminate part is "I". 





It is a big "Theta" © (inside the geometrical figure) and small "theta" 8 in the formulas. 


That means that we work with two lengths x and y that are not well-known (they were approximated), and an angle © 
(Theta) that is not well known either (it was approximated by 0 plus some indeterminacy I). 


x at bil ; y ct+dl 
cos(@ bl) = = =; sin(@ +1) === 





Z= r(cos(@ +1) +i-sin(@+ 1) 


Exponential Form: 


z= reil@+D 


Definition 3.2 


Trigonometric formula 


z=r(cos(@ +1) +isin(@+/)) 
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4. Properties 


In this section, we present some important properties of the exponential form. 


Multiplying the exponential forms of the neutrosophic complex numbers 


Suppose that z, , Z, are two neutrosophic complex numbers, where 
Zz, = 7r,e%t') and z, = r,e!(O2t!2) 


If, +1,=1 


Definition 4.1 


Zy ‘ Zo = 11,1 O14+ 82+) 
Remark 4.1.1: 


Zy*Z_ = rei O1tly) ; r,e'(G2+l2) 


Z1*Z, = 117) (et Ost) : e'(G2+l2)) 


Z1°Z2 = 111, e 114 241s 412) 


L, f I, = I 

Then 

Z1*Z_ = 11, e1 G14 82+) 
Example 4.1.2 

w gl. . 310 
iGtD) itn) 


Ifz, =e and z, = Te 


i(F+37+1) 
21°22 = 11712e ee = 11712 e 


i(m+1) 
Division of the exponential forms of neutrosophic complex numbers 
Suppose that Zz, , Z2 are two neutrosophic complex numbers, where 

z, =7,e%t') and z, = r,e!2t2) 
If, -—I, =1 
then 


Definition 4.2 
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mas = i. ei(41-8241) 


42 1% 
Remark 4.2.1: 
Depending on [25] 
z-zZ=|z\? =r? 


When r=1 we get => 


0 
pS e = ei(6+) 
Z eit) 
Then 
Zy rei Ortly) 
Z> - re '(92+l2) 
Zo Hi ei(14I1) 
ZT \etG2tl2) 
41 1 (itn), 
Zo Tp ei(2+I2) 
Zz. Tr: ; : 
“ti (e+!) F e '@2+l2)) 
Zz 1% 
L, —, I, = I 
Then 
2h = a ei(91-9241) 
22 12 
Example 4.2.2 
at pte . 310 
If z, =7,e'G* andz, = r,e'Gt) 


The conjugate of the exponential form of a neutrosophic complex numbers 4.3 


Suppose that z is a neutrosophic complex number, where 
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g = pelo) 


We denote the conjugate of a neutrosophic complex number by Z and define it by the following form: 


Z7= re +) 


Example 4.3.1 


z= reil2") 


Z=rTr o (E+) 


Remark 4.4 
If J=0 we will return to the basic formula for the complex number. 
i(8+0) 


zZ=re 


z=re'® 


Conclusion 


In this paper, we defined the exponential form of a neutrosophic complex number and demonstrated this with 


appropriate proof, and many examples were presented to illustrate the concepts introduced in this paper. 


Future Research Directions 


As a future work, some special cases related to exponential form can be discussed and benefit from this article in many 


engineering sciences, including theories of control and signal processing. 
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Abstract 


The concept of neutrosophic become really handy now a days and based on non-standard analysis to mention 
mathematical outcomes, uncertainty, non-completed situations, inconsistency, distinctness. The main concept of 
Neutrosophic set based on membership values of truth, indeterminacy and falsity, which are independent and which 
play vital role in situations like uncertainty, incomplete and inconsistence. From triangular to octagonal neutrosophic 
number. They play vital role in modeling problems, science, biology and many more. Hence it is clear that these are 
necessary and have real life applications, but some real-life problems have more edges and their triangular to octagonal 
fail to overcome this situation (mention in table 1). Hence, nonagonal neutrosophic numbers give a wide scope of 
utilizations while managing more variances in the decision-making condition with nine edges for membership values 
of truth, indeterminacy and falsity. In this current article we present compression between triangular to nonagonal 
neutrosophic number and their requirement, explore differential equations in neutrosophic environment as Linear, 
symmetric and asymmetric types furthe, their @ — cut and then we present a real-life problem and solved it with 
TOPSIS technique of MCDM. 


Keywords: Accuracy function, Neutrosophic number, Nonagonal Neutrosophic numbers (NNN), MCDM, TOPSIS. 
1- Introduction 


Analysts and mathematicians from throughout the world created significant expository aptitudes and critical thinking 
systems to survey an expansive scope of issues in human asset, medication, determination issues and so on but the 
most testing issues was related with MCDM. 


In this way, the need to deal with unsure circumstances and dubiousness, mathematicians generate a new way, called 
fuzzy which can fulfil their decision-making requirements. The very first attempt in this race was soft set theory which 
was introduced by Molodtsov [1] in 1999 to deal with uncertainty. The further effort was fuzzy set theory [2-4] then 
intuitionistic fuzzy numbers [5] and finally neutrosophic sets [6] as figure 2. Neutrosophic fuzzy numbers [7] is really 
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quintessential regards to desission making and triangular neutrosphic numbers [8] was commencing then Trapezoidal 
neutrosophic numbers then Pentagonal neutrosophic numbers [9] then Hexagonal neutrosophic numbers then 
heptagonal neutrosophic numbers then octagonal neutrosophic numbers [10], his representations and @ — cut was 
given as [11] as well as his aggregate, arithmetic and geometric operators of octagonal neutrosophic numbers and 
applications also proposed [12] and finally we proposed nonagonal neutrosophic numbers, as well as researchers keep 
working and introduce new possibilities [13-15]. Wang [16] extended the idea and present single-value neutrosophic 
sets as extension of NSs. Simplified neutrosophic sets given by Ye [17] and novel operations and aggregation 
operation was given by Peng et al [16,17]. Multi-valued [18], bipolar [19] and interval neutrosophic sets [20] are 
different extensions of neutrosophic sets. 


Smarandache and different researchers [2 1-28] from all over the world work on various extension of neutrosophic sets 
in MCDM and TOPSIS technique. A lot work available regards to selection problem [29-49] and MCDM. Properties 
as well as applications of triangular and pentagonal neutrosophic number given by [50-54]. With these unique concepts 
of Nonagonal Neutrosophic numbers (NNN), we can work on many fluctuations at the same time, that proceedable 
due to more edges found in nonagonal as compare to triangular, pentagonal and octagonal. Now with this current 
epoch, we can convert neutrosophic numbers into fuzzy numbers and also the power to deal with more fluctuations 
move on a new level. With these great efforts of mathematicians, we are able to perform these productive and value 
able decision-making efforts. 


Neutrosophic numbers also really useful in other mathematical fields such as transportation problem in neutrosophic 
environment of operational research [55]. Then, Pratihar further introduce modified vogel’s approximation method 
[56] in the field of operational research, a method to increase income. The concept of single inputs and outputs of 
pipelines further improve by Mohapatra [57]. In the line of progress of operational research Kumar introduce optimal 
path selection by fuzzy relible shortest path [58] and neutrosophic shortest path [59]. Gayen introduce anti-fuzzy 
subgroup [60] and plithogenic subgroup [61-62], which further promote the plithogenic algebraic structure as well as 
introduce notation of plithogenic subgroup. Gayen with smarandache introduce interval-valued triple T-norm [63], 
which have both pure and applied math applications. 


In the case of nonagonal neutrosophic number, we have nine edges regards to truthness, Indeterminacy and Falsity 
membership value. So, provide us more range to deal with more fluctuations. As decision making is really diverse and 
come with endless possibilities, hence we required a system which can be useable in these tuff situations. Detail 
example available as table below: 


Neutrosophic Black color High Price | Design | Speed | Safety 4x4 | Resale | Break 
numbers mileage Features value system 
Triangular Determinable 

Neutrosophic (D) (D) (D) * * i - * * 
numbers 

Trapezoidal 

Neutrosophic (D) (D) (D) (D) * * *, i me 
numbers 

Pentagonal 

Neutrosophic (D) (D) (D) (D) (D) = = i . 
numbers 

Hexagonal 

Neutrosophic (D) (D) (D) (D) (D) (D) * * * 
numbers 

Heptagonal 

NNs (D) (D) (D) | @) (D) (D) (D) |* : 
Octagonal 

Neutrosophic (D) (D) (D) (D) (D) (D) (D) | (D) * 
numbers 
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Nonagonal 
Neutrosophic (D) (D) (D) (D) (D) (D) (D) | (D) (D) 
numbers 

Table 1: This current table shows, if we have to take a decision on nine different criteria then only nonagonal 


neutrosophic numbers can do that job for us. 





1.1 Motivation 


A lot of research articles regards to neutrosophic arena available, which they apply and exaggerated the concept of 
MCDM. Here we have a ground braking concept, nonagonal neutrosophic numbers (NNN), which is totally new. Our 
main approach is to define the concept of nonagonal for that cenerio, where triangular to octangonal neutrosophic fail 
to overcome. With the nine edges and wide range of membership values of truth, indeterminacy and falsity, it can 
proceed better and overcome more real life problems, based on uncertainty. 


1.2 The Paper presentation 
We extended the concept of Nonagonal Neutrosophic Numbers (NNN). 


e Introduced Linear, Non-Linear, Linear symmetric, Non-Linear symmetric Nonagonal neutrosophic 
Numbers. 

e &-—cut is defined for all type. 

e Acase study which is defined from real-life selection problem, solved by TOPSIS. 


1.3 Structure of Paper 


The structure of this current epoch is defined in following figure. 





Section 6 





. * Conclusion 
Section 5 





¢ Case study 
regards to MCDM 
Problems 


Section 4 





¢ Topsis Technique 


Section 3 






¢ Linear Nonagonal 
Neutrosophic 
Number, its type 
and & — cuts 





Section 2 





¢ Mathematical 


Section 1 Definations 


¢ Introduction 


Figure 1: Structure of article with a pictorial view 
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Figure 2. Extensions of intuitionistic fuzzy numbers as flow chart. 
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2 Mathematical Definitions 
In that section, we will mention necessary required definitions, which we will use throughout the paper. 
Definition 2.1: Neutrosophic Sets: Set nA is neutrosophic if nA = {x;{[T aq (X) 1 (x), Fe (x) ]):xEX} 


Where T=, (x)+>[0,1] as truth membership function (TMF), indeterminacy IMF I~, (x), and falsity (FMF) F=, (x) 


=~ 
as well as T=,(x), I=, (x), F(x) mentions following relation: 


Oo < T=, (x) + I= (x) + F(x) < 3t 


Definition 2.2: Triangular Neutrosophic numbers: Triangular single value neutrosophic number is given as Aggy, = 
(D1, P2, P3: 1, 7,73) as well as truth, indeterminacy and falsity is given as: 








x-py we ie 
SEL < 
pop, FTP Sx <P2 
‘i _ 1 when x=fp, 
A > os 
ee Ps" for py <x < py 
P3-P2 
0 otherwise 
a 
ee. forge eee & 
q2— %1 
7 _ 0 when x = qo 
Aneu = me 
a for q,<x< q 
93 — I2 
1 otherwise 
x — py P " 
x 7 orp, Sx< 
Bi — Ba for p; P2 
ra = 1 when x=; 
Aneu => ae 
for eee 
P3 — P2 


0 otherwise 
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Where 0° < La (het Inge (X) + Fag (x) S 3, x€Anen 


Parametric foam for this type is (Aneu)a,B,y =[Tveur (@), Tyeue (&); Tews (a), Teu2 (@); Freut (@), Freu2 (&)], where, 
Tyeur(@) =P, + a&(P, —P,), Tyeu2(&) = Ry> a&(P3 — P2), Ivewi(B) = 42 — BQ — 4), Ivew(B) = 
q2 + Bas — q2), Frew) = % — V(r —7), Fueu(Y) = % + V(rs —12), here O0< @<51,0< B <10</7<s 
land0<@+Bt+7<3. 


Definition 2.3: Trapezoidal Neutrosophic Number: Let X as universe if discourse, A trapezoidal neutrosophic set 
A in X is defined as: N = {(X, Ty(x), Iy(x), F(x))|xEX} where T(x) < [0,1], Iy(x) © [0,1], F(x) © [0,1] as 
three trapezoidal number, T(x) = (i (x), f(x), f(x), th(x)) : x +301], Tyr) = 
(Fy), 7200, HC), TH) 2x [01], Prd = (FC), FOO. FRCO.A@) — +x [0,1] with condition 0 < 
EX (x) + if (x) + fox) < 3,x€ X. 

Definition 2.4: Pentagonal Neutrosophic Number: For single valued, pentagonal neutrosophic number(S) given as 
Se ({m1,n1, 04, p1, q?; 7], [m2,n?, 02, p2, q?; E], [m3,n3, 03, p3, q3; 0]) where 7, €,0 € [0,1]. Truth membership 
function (T,):R+>[0, 7], the indeterminacy (I,):R2[0, €] and falsity (F,):IR-2[0, 0] as well as given as: 


Tse(x) mi <x <n Tseq(x) m? Sx <n? Fst) m3 <x < n3 
Tseo(x) ni <x <o! lo) n? Sx'<07 Foig(x) n3 <x < 08 
DN kt EO Mae Cc Sees ee ae oh ok, FOO, 
Tst2(x) 0} Sx < pt Ise(x) 0? S x < p? Foen(x) oF S x < p? 
Tse (x) pt Sx <q? Isex (x) p2 < x < q? Foe) p3 <x <@ 
0 otherwise 1 otherwise 1 otherwise 


Where ([mi! < nit < 61 < pt < qiyat], [m2 <n? <6? <p? <q El, [m3 <n < 63 <p  < Gd) 
Definition 2.5: Octagonal Neutrosophic Number [ONN]: Neutrosophic as § will defined as, 


S = (((4b,é,d,é, f, g,h): 6] (a, b}, ct, dt, e, f4, gt, h*): p][ (a2, b’, c2, d?, e2, f2, g?,h2):~]) where 8,, OE 
[0,1]. 


The truth membership function (6,):R +> [0,1], 
The indeterminacy membership function (w;):R +> [0,1], 


The falsity membership function (G;):IR > [0,1] as well as given follows: 


O5(x) G@s<x<b Pso(x) atsx<bt Pso(x) a? Sx <b? 

6,(x) bex<é Psi(x) bi<x<ct Psi(x) be? <x<c? 

O.(x) E<x<d Pso(x) cl <ex<di Ps2(x) c2 <x <d? 

= 653(x) d<x<é 2 Ws3(x)  dt<x<el @s3(x) d?<x<e? 
Is(x) = 4 § x=6 UO)=) x=el PsX)=1) @ x = e2 

Os3(x) @sx<f Ws3(x) elsx<f? @s3(X) e2 <x < f? 

Aso(x) fsx<g W(x) fisx<gi @n(x) fresx<g? 

Osi(x) GSx<h W(x) gt<x<ht @al(x) g2<x<h? 
0 otherwise 1 otherwise 1 otherwise 
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Where S=([(@<b<é<d<é<f<g<h):8[la<D<c<d<e<fi<gi<h'):p][(@ <b < 
c2 <d? <2 < f2 < g? < h?):9)). 


Definition 2.6: Nonagonal Neutrosophic Number [NNN]: Neutrosophic as S§ will defined as, 


S = (((4b,é,d,é, f, g,h, i): A][ (a, b}, ct, d4, e4, f4, gt, h1, 1): p][ (a2, b2, c2, d2, e”, f2, g?, h?, 12): p]) where 


6, , 0 € [0,1]. 
The truth membership function (6s): +> [0,1], 
The indeterminacy membership function (w;):R +> [0,1], 


The falsity membership function (G;):IR > [0,1] as well as given follows: 


Oso(x) &<x<b Pso(x) ab<x<bt Pso(*) a? a ch 
O5,(x) bsx<é Wsi(~) bisx<ci Psi(x) b?sx<c? 
O.(x) E<x<d Woo(x) cl <x<d! @sx(x) c2 <x <d? 
Oo3(x) d<x<é Ws3(x) di<x<et @s3(x) d?<x < e? 
~ _j9 x=6€ ~~, F) x=el sey JO x =e? 
ce Os3(x) €<x<f oo Ys3(x) el <x <f? ete) @s3(x) e2 <x < f? 
Os(x) fSx<g Pox) fisx<gi @a(x) fr sx<g? 
9s1(x) gsx< A Wsi(x) gisx<hi Osx) g2<x<h? 
Oso(x) hex <i W(x) Aisx<il @so(x) h2<x<? 
0 otherwise 1 otherwise 1 Biever 
Where Sa(|\@<) <¢<d <e< fog <h<i):6||(@' <b <c' <a Sete fi ag <h'< 


ii): pl [(@2 < Be << d? cet < f2 <g? < he <i): 9). 
3. In that section we investigate its representation and discuss its properties. 
3.1 Linear NNN with symmetry 


Let A,s=(a@:, b:, ¢, d:, é, f, g:, hv) as linear NNN with these membership function: 

















0 x<a 
k(= a<x<b 
x-D . 7 
k (=) b<x<e 
k e<x<d 
‘ ktQ-K(=2) d<x<e 
Truth = T,(X) = ( ) (a) = x 
1 e<x<f- 
k+(1-k) (5) f<x<g 
k g<x<h 
(=) h<x<i 
0 x>t 
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0 x<at 
-qi . . 
k (==) at<x<b 
(=) bi<x<ci 
k ct<x<d1 
ne k+0-)(=5) di<cx<et 
Falsity = F(X) = et-d: 
1 el <x< f1 
k+(1-k) ae fi<x<g? 
gift g 
k g? <x< hi 
de! a “ 
k(=) hi<x<tt 
1 x>ri 
0 x <a? 
k(=55) a2 <x <b? 
k (=) b2<x<c# 
k c2<x<d? 
x—-d-2 . . 
; E k+(1-k)|+—s5) d?<x<e? 
Indeterminacy = [,(X) = e2-d: 
1 e2 <x< f? 
k+(-k) (S55) fe<x<g 
k g2<x<h? 
k (=) h2<x <1? 
1 x >? 


As, 0<k<1 
Ay = {x € X |T,(X), F(X), .(X) = &@ 


3.2 a —cut of Linear ONN with symmetry: « —‘cut can be express as: 


Ay (4) =a + 7 (b —a)forae [0, by] 
Ay, (4) = b+ =F (¢ — B:) for « € [b2, 1] 
Ay, (6) = ¢ + = (d: — ¢) for & € [bs, 1] 
; Ag (&) = ad +(e - 4d) for &€ [by 1] 
Tuth=7.)=4 , gt. : 
Ag (&) = 6 — = (f —@) for & € [0, ba] 
Age (@ =f — = (9 —f) for & € [0, b3] 
Ayp(&) = g — alla — g)for & € [0, by] 


Arg(® = h: —£(¢ —h)for &€ [0,b,] 
by 
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Ay, (6) =a1++(b!—a)forae [o, b,| 
by 
Ay, (& =b1+ ae — b+) for & € [bp,1| 


As, (6) =c1+ =e (d1 — c*) for & € [b3,1| 





4 Ag (@ = d+ 28 (et — d+) for & € [641] 

Falsity = F(X) = . SR aes : ; 

Azg(&) =e? —=(ft—e) for & € [0, b4] 
4 

Agp(@ = ft— Ca — f*) for & € [0, bs] 

Ap (&) = gt - (i — g*) for & € [0, by] 

Aya (6) = ht — = (v1 — h*) for &€ [0,5] 


Ay, (@ =a? +—>(b? -a?)for ae [0, b,] 
by 
fre . 1 . . ‘ ? 
Ay,(&) = b2 + oe (c? — b?) for & € [b,, 1] 
Ay, (&) =c? + =, (a? —c) for & € [b3, 1] 
s 7 . 1- . . ‘ , 
Ax (&) = d? + or (e? — d?) for & € [by, 1] 
Agp(&) = e? —+(f? — e?) for & € [0,4] 
ba 
Age) = f? — = (g? — f?) for & € [0, bs] 
Arp (@) = g? —+(h? — g?) for &€ [0, by] 
b2 


Ayp(6) = h? —£(? — h?) for & € [0, by] 
by 


Indeterminacy= i. (X) = 


There we have Ay,(6), Ay,(4), Ay,(@), Ay, (6) are increasing and Ayp(&), Ayp(&), Axp(6),Azp(G) are 
decreasing. 


3.3. Non-Linear Nonagonal  neutrosophic numbers with symmetry: is give as Ajs= 


(a, b,c, dé, f 4G) hit) 1ytp,mhyth,) 48 well as membership function as following: 

















0 x<a 
k ==)” a<x<b 
k =)” b<x<ce 
k e<x<d 
Truth = T,(X) = k+(1—k) (=*)” a<x<é 
1 e<x<f- 
k+(1-k) (6 eer 
k G<x<h 
k ()” h<x<i 
0 x>t 
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0 x <a? 

x-a2 \™ . 5 
k (=) az*<x< b? 

_p2 \™2 e e 

k (3) b?<x<c# 

k cz<x<d? 

m3 
, k+(1-k (= =) d2?<x<e? 
Indeterminacy = [,(X) = ( Nez a? kan As, 0<k<1 

1 er<x< f? 





g?-x\" m2 2 
k+(1-k) (<5) fr<x<g 








k g2<x<h? 
5 n2 
yee z ‘ 
k (=) h2<x<1 
1 x >? 
0 x<qi 
k (Figs) . at<x<b1 
(— ) bl<x<cl 
ci-p1 
k cl<x<d1 
hs N N 
_ 4 4 5 _ 5 
iiy= hj a (5) Cee SE Ag = {x €X [FL (X), F(X), F(X) >a} 
1 el<x<ft 


k+(1-k) eos 


k 


vi-x 
k (<< 





1 





nN he . 
=) f? <x< gt 
gi <x<h! 


N2 


hiex<r 


x>tvt 


3.4 a —‘cut of Non-Linear NFN with symmetry: 


a — cut of non-LONNS can be express by Ag 


Truth= T,,(X) = 
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= {4 €X |TL(X), F(X), 1.0) =} 


Ay, (6) = a + (S a (b — a) for & € [0, bi] 
(5 
(S 


Ay, (6) = d+ (= 





Ay, (@) = b + a (¢:— B) for & € [b,,1] 
e (d: — &) for & € [bs, 1] 
7 "a Poree [bet] 

“(fF —é-) for &€ [0, b4] 
i -(S)" @ A) for &€ (0,04) 
i (i — g) for & € [0, By] 


(; 
(= 


Ne (? —h)for & € [0,b,] 


a 
aoe 


Ag, (6) = =C+ 





—b 


" i 
Ww 


4 





by 
A xp (a) =é — (=) 
Ap (a) = = 

Ayp(&) = g 


Arp (a) =h —- 
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Ay, (a) = a? + (2)” (b2 — a?) for & € [0,b,] 
Ay, (@) = b? + (= ‘i (c2 — B2) for & € [by, 1] 
Ais,(&) = 62 + (252) (d2 — 62) for 4 € [bs, 1 
Ag (a) = d? + (5 =)" (e? — d2) for &€ [b,,1| 
Arg (@) =e? - (5 pee et) foe ee Oba 

eG 


Ag (&) = f? — 





N 





w 





Indeterminacy= f, (XxX) = 


° " (g2 — f2) for &€ [0,Be] 


a 


Ayp(&) = 9 oe (h? — g?)for & € [0, bo] 


ca 
Arp(a) = h? — (s)" (v2 - h?) for 6 & € [0,b,] 


Ay, (4) = a1 + (2)" (b+ — a4) for &€ [0, by] 
Ax, (@ = b1 + (54 (ct — b*) for & € [by, 1] 


2 


Ag,(@ = 61 + (SE)" (dt —c2) for & € [by,1] 


Ag(@ = d+ + (52)™ (ed) for &€ [64,1] 


1 
Agp(&) =e? - (£)” 
( 








ia 





Falsity = f,(X) = 
(f1—e1) for & € [0, by] 
Agn(@ = f* -(£)" (G4 - £4) for &€ [0,55] 
Are(6) = 9 - (£)" (hi 

Ay (&) = ht — Gy (01 — h*)for & € [0, b] 


The function which are increasing are 


1 — gt) for & € [0,b,] 


Ay, (&), Ax, (0), Ax, (@), Ag (@) with respect 


to a and 
Ap (0), Axp (0), Axe (&), Arp (&) are decreasing with respect to &. 

















0 x<a@ 
-q@-\n : 
p = ‘ a<x<b 
ie 
p (=) : B<x<e 
k e<x<d 
x-d:\"3 5 ee 
Truth = T,(X) = er (a) d<x< ° 
1 é<x<f- 
er my, S 
k-(k-r) (SS) fixx<g 
k g<x<h 
t—x\M2 . : 
rT (=) h<x<t 
0 x>t 
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0 x <a? 
x-a2 \™ . R 
y(=*5) az<x<b? 
x-b2 m2 , r 
y (5) b2<x<c? 
xX c2 <x< d2 
(= i ens 
P X -(X -Y) (|= : i 
Indeterminacy = I,,(X) = ( ) e2—d2 x<e 
1 e2 <x< f? 
g2-x Ma Sy ~5 
x (X= 2) (£55) see ob 
Z g? <x< h2 
rex)" h2 2 
Z\ 2 2<cx<e 
1 x > 
0 x<at 
‘ym 
x-at : ‘4 <: 
q (24) at<x<b 
got a <i a 
q (=) bi<x<c 
k cl <x< di 
x—-d1 \'™"3 ~I i 
E w—\w— To di<x<e 
Falsity = F(X) = ol) (sa) As, 0<k<1 
1 er Sx ft 
gi-x my ra 
w-(w—s) (<=) ia <x <gt 
w gi<x<h 
doy \M2 a e 
s (=) he ae 
jth 
1 x>0t 


4. TOPSIS Technique 


TOPSIS is a technique used for order performance by the help of similarity to the ideal solution. This idea is given by 
Hwang and Yoon. This is one of the most common technique for daily life decision making problem. This method is 
really close to the concept of PIS and NIS. Other methods like VIKOR also suitable for that kind of situation. We 
defuzzied the octagonal Fuzzy number by 








P Atbt+c +d te +ftg th +0 P at+bteet¢at+eltpltgithttit 

a aa 9 : ) pln = ( 5 au and 
2452402424624 f24g24h2412 

DF Now = ( +bé+c%+d+e*+fe+g eth e+. ) 


9 
A(x, Y)= = (a4 = az)? + (6b, - by)? + (cy - é2)? 
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Decision matrix matrix 


Get normalized weighted decision matrix 


Get positive and negative ideal solutions 


Find separation measure 






Create normalize data 
matrix 


Measure belongness with positive 
ideal solution 


Final result with most ideal solution (optimum 
solution) 





Step 1: We will assigned the rating to the criteria and by given alternatives. Here we have a supposition that we have 


a decision group with K members. The alternative is shown as A, with respect to criteria C; is denoted 


K, éS) and the weight criteria is given as Wi*=(/, w/s 


sk (=k =k 
Xjj=(Gj;,b ‘11 Wiz, Wj3)- 


Step 2: we will make a relation between fuzzy rating with alternatives and fuzzy weighting with criteria. 


























Linguistic value Nonagonal FN @; j 

Absolutely Recommended (7,8,9,8,6,8,6,7,9) 
Strongly Recommended (6,7,8,7,8,6,5.7,8) 
Recommended (5,6,7,7,7,6,8,7,7) 
May be Recommended (4,5,7,4,5,7,4,7,5) 
Weakly Recommended (2,3,5,5,6,3,4,3,4) 
Rarely Recommended (1,2,4,3,2,4,4,3,5) 
Not Sure to be Recommended (1,1,3,2,2,1,3,2,3) 











Fuzzy Rating as Ei =(aj jr diz, Ciy) OF if” alternative with respect to j*” criteria. 
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> 


K 
q..—ming_k Rot > K yam k 
aij ieaj;d> ijk Parse ? ile; 
K= 
The weight as Wi=(W},, Wj2, W;3) for criteria C; are given be these formulas: 


K 
1 
W= wis Wo= ae Wiss Wi3= maw jl 


Step 3: The normalized fuzzy decision matrix as R=[7y], 


S| 
< 





is) 


— (a) Cy : ae 
7, =|, 2, =) and c/="*“{c; } beneficial criteria 
y cj * ci J iti 


a 


— (a a; aj 
T= (. nae a “L) and of =™"{a;;} non beneficial criteria. 
ij Wj 


Step 4: Now weighted normalized fuzzy decision matrix will compute. 
Step 5: Now compute the fuzzy negative ideal solution FNIS and fuzzy positive ideal solution FPIS. 


Step 6: get a solution of each distance of alternative to FPIS and FNIS. 


d'= ee d (v;;,;) ,dz= pa d (v;;,0;) be the distance. 


Step 7: Closeness Coefficient Foe C= 





dj + dF 
Step 8: Alternatives will be ranked. 
5 Case Study: We will check the productivity and flexibility of this proposed TOPSIS method, here we have most 


useful real-life issue. Suppose that, A person is going to buy a car, here a lot of possibilities available and decision 
based on three different criteria. We have to select best one. 


Numerical problem: Here U is the universe. Person is going to buy a car, So, give a look on possible options, mention 
in Table 1. Three different brands (A, B, C) applied for this opportunity, with different opportunity. Choice parameter 
are {C,, Co, G3} and detailed mention in table 1. 


A B é 
{G,(0.71,0.35,0.71,0.77,0.31,0.73,0.67,0.61,0.3) {€, (0.63,0.73,0.36,0.94,0.85,0.86,0.84,0.85,0.89) _ {C,(0.63,0.83,0.83,0.66,0.85,0.44,0.85,0.63,0.98) \ 
(0.93,0.43,0.93,0.88 ,0.84,0.99,0.96,0.90,0.4) (0.33,0.46,0.79,0.91,0.79,0.75,0.79,0.74,0.96) (0.76,0.75,0.69,0.84,0.94,0.97,0.63,0.75,0.63)} | 
(0.86,0.95,0.89,0.97,0.94,0.93,0.75,0.81,0.99)} (0.98,0.93,0.95,0.85,0.97,0.98,0.74,0.86,0.90)} _ (0.88,0.93,0.95,0.95,0.77,0.98,0.84,0.86,0.90 
{6,(0.85,0.75,0.96,0.54,0.83,0.75,0.63,0.56,0.97)  {C,(0.66,0.49,0.68,0.99,0.67,0.11,0.56,0.87,0.95)  {G,(0.98,0.69,0.98,0.88,0.79,0.97,0.96,0.97,0.85) 
(0.85,0.45,0.65,0.38,0.78,0.79,0.57,0.13,0.9) (0.93,0.73,0.83,0.68 ,0.84,0.79,0.45,0.76,0.70) (0.75,0.45,0.55,0.45,0.28,0.78,0.59,0.67,0.23) 
(0.96,0.89,0.98,0.99,0.97,0.96,0.97,0.95,0.11)} (0.85,0.95,0.96,0.64,0.93,0.75,0.73,0.55,0.96)} (0.89,0.95,0.86,0.94,0.93,0.95,0.91,0.99,0.99)} 
{€3(0.74,0.83,0.94,0.75,0.96,0.34,0.75,0.69,0.95) {€;(0.94,0.93,0.84,0.95,0.96,0.84,0.95,0.91,0.99) {C3 (0.84,0.96,0.33,0.35,0.52,0.97,0.93,0.21,0 
(0.35,0.46,0.98,0.59,0.65,0.71,0.74,0.76,0.25) (0.28,0.36,0.58,0.25,0.65,0.61,0.54,0.26,0.88) (0.45,0.95,0.54,0.78,0.39,0.75,0.61,0.44,0.76) 
(0.84,0.73,0.75,0.85,0.98,0.74,0.86,0.84,0.91)} (0.98,0.93,0.95,0.95,0.78,0.94,0.96,0.94,0.91)} (0.21,0.74,0.33,0.64,0.85,0.76,0.34,0.65,0.99)} 


[Now, this given matrix depend on (Cj, Cz, C3} as row and (A, B, C) as column] } 


STEP 1. We defuzzied the Octagonal Fuzzy number by 


a A+b+c+atet+f+gtn +t, - att+bteel¢atretaplag intent 
Troy teva HHP THE +) pinoy — DMEM HES ag Nt) ag 
9 9 
3 24H 2424 2sp 24 f24q24p 2ap2 
DFNow = é +bét+co%+d+e*+fet+g eth e+. 


9 
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By applying these formulas, Neutrosophic soft matrix as following: 


z a Z 


Criteria A B C 
C (0.6 ,0.8,0.9) (0.8,0.7,0.9) (0.7,0.8,0.9) 





re (0.8,0.6,0.8) (0.9,0.5,0.9) (0.6,0.6,0.6) 


STEP 2: For normalized aggregate fuzzy decision matrix. 


~ Gy by Gy 
en 
Cy Cy Cy 


z 7 z 


Criteria A B C 
i (0.7,0.9,1.0) (0.9,0.8,1.0) (0.8,0.9,1.0) 





C; (1.0,0.7,1.0) (1.0,0.5,1.0) (1.0,1.0,1.0) 


Then for criteria weighting there is a aggregate decision matrix 
W, = (0.6,0.6,0.7) , Wz = (0.1,0.2,0.4) , W; = (0.3,0.5,0.5) 


STEP 3: p,, = 7, will multiply by W, as well as weighted normalized fuzzy decision matrix. 


z a z 


Criteria A B Cc 
io (0.4,0.5,0.7) (0.09,0.1,0.4) (0.2,0.4,0.5) 





C; (0.6,0.4,0.7) (0.1,0.1,0.4) (0.3,0.5,0.5) 


STEP 4: Find FNIS and FPIS 

APP PF acy) 

P* = max (Pjj3) i=1,2,.....m_ ,j=1,2,3,...0 
AHO Fi) 

Ff =min (Fijs) i=1,2,.....m , j=1,2,3,....n 


A*=P#(0.7,0.4,0.5), P;* (0.7,0.4,0.5), P3 (0.7,0.4,0.5) 


A= FP, (0.4,0.09,0.2), P; (0.4,0.09,0.2), Ps (0.4,0.1,0.3) 





Now by azo |! (a — ay)? + (By — by)? + (cy — 2)? 


STEP 5 to STEP 8 mentioned below 


Table (Positive ideal solution) 
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z 


Criteria A B C 

Le 0.4472 0.2733 0.2886 

G3 0.2081 0.3690 0.2516 
FNIS Table (Negative ideal solution) 

Criteria A B C 

C, 0.2466 0.2685 0.2465 

Cs 0.3131 0.2000 0.2509 


Now estimate the distance between each weighted alternative. 


ao a d (vj, Ur) , d-= ae d (Vij, 4; ) 


- 


d= 0.9869 d;= 0.8739 


- 7 


d= 0.8594 dz = 0.7585 


- 


d= 0.8913 d;= 0.8371 


Closeness coefficient 


dy 


ce=—* 
© dj +dt 





a A 0.8739 
el 
0.8739+0.986 9 


= 0.4696, 


‘ 0.75 85 
20.75 840.85 94 


ay 
II 


= 0.4688 


0.8371 
0.8371+0.8913 


oy 


C3 


= 0.4578 


Strategy 


Results 





0.4696 
0.4688 
0.4578 


Clearly 
A>B > C. The best car for this person is A. 
6 Conclusion: 


In this current article, we present type of nonagonal neutrosophic number (Linear, Non-Linear, Symmetric, 
Asymmetric) as well as their @ — cuts also proposed. Nonagonal neutrosophic number will be really useful in the 
field of multi-criteria decision making MCDM problems of daily life as well as it can deal more fluctuations. To 
estimate reliability and productivity, we also present a daily life problem and solved it with TOPSIS technique of 
MCDM. At the very first we convert nonagonal to fuzzy using accuracy function and then we use it in existing method. 
Further, we will present aggregate operators of nonagonal neutrosophic number as well as matrix notation with 
operations. 
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Abstract 


In Neutrosophic Logic, a basic assertion is that there are variations of about everything that we can measure; the 
variations surround three parameters called T, I, F (truth, indeterminacy, falsehood) which can take a range of values. 
A previous paper in IJNS, 2020 shortly reviews the links among aether and matter creation from the perspective of 
Neutrosophic Logic. In any case, matter creation process in nature stays a major puzzle for physicists, scientists and 
other science analysts. To this issue neutrosophic logic offers an answer: "unmatter." This paper examines an extended 
model of unmatter, to incorporate issue soul solidarity. So, neutrosophic logic may demonstrate helpful in offering 
goal to long standing clashes. 


Keywords: Neutrosophic Logic, Physical Neutrosophy, aether, matter creation, unmatter, unparticle 


1.Introduction 


In accordance with the quick improvement of new part of basic science, for example neutrosophic logic, here we talk 


about possible use of NL hypothesis in the field of media transmission. See for ongoing papers: [31-35]. 


It is known that matter creation processes in nature remains a big mystery for physicists, biologists and other science 
researchers. To this problem neutrosophic logic offers a solution, i.e. unmatter and unparticle. See also previous 


papers on unmatter [21-27]. 


To put it plainly, neutrosophic logic may demonstrate helpful in offering goal to long standing clashes. See likewise 


our past papers on this issue. [1-2]. 
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2. Matter creation processes and Grusenick experiment 

Physicists all through numerous hundreds of years have bantered over the physical presence of aether medium. Since 
its origin by Isaac Newton, many accepted that it is required in light of the fact that in any case it is highly unlikely to 
clarify communication a good ways off in a vacuum space. We need mechanism of connection, of which has been 


called by different names, for example, quantum vacuum, zero point field, and so forth. 


The celebrated Michelson-Morley tests were thought to give invalid outcome to aether speculation, and truly it was 
the premise of Einstein's STR. In any case, more up to date conversations demonstrated that the proof was fairly 
equivocal, from MM information itself. Particularly after Dayton Miller examinations of aether float were accounted 
for, an ever increasing number of information came to help aether speculation, albeit numerous physicists would lean 


toward another terms, for example, physical vacuum or superfluid vacuum. See [9-13]. 


In this regards, an experiment which is worthy to mention here is by Grusenick. Actually, his method is quite similar 
to Michelson-Morley experiment, except that he puts the interferometer vertically, which makes him able to detect 
the vertical aether inflow perpendicularly toward the surface of the Earth. Because only few papers discuss his result, 


let us give him space to tell in his own words, which can be paraphrased as follows: 


"I have perused your information with much intrigue. Numerous individuals state that my development is 
precisely excessively flimsy, and that gravity impacts my contraption. So I assembled another. A man named 
Norbert Feist gave me better optical hardware to utilize. The new interferometer is just a steel plate with 
189mm width and 8mm thick. The mirrors and the mirror holders are fabricated by Edmund, USA. Their 
shaft splitter anyway is precisely excessively insecure, so I utilized the one I made myself. 

The obstruction design is anticipated on a little bit of paper. During a 180° pivot with the new Interferometer, 
I can see on normal 1.5 impedance periphery shifts during the night and 2.0 during daytime. With the more 
established one, which you can find in the YouTube film, there are 11.0 movements around evening time and 
11.5 if the trial is performed during daytime. In this way, the two Interferometers (the more seasoned and the 
more up to date one) show a distinction of 0.5 obstruction periphery shifts among day and night. 

I additionally might want to make reference to that a slight variety in the quality of the periphery design 
development happens during various days of the month. On Thursday 16.10.2009 at 24.00 0 clock, I could 
see a full 3.0 obstruction periphery shifts per 180° pivot (with the new interferometer). The zero point, where 
a stop of the example development occurs, is for the two interferometers at a similar position. There are two 
zero focuses in a 360° turn of the two interferometers when the shaft splitter is situated evenly to the world's 
surface. To all individuals who state that the main impact on the interferometer is gravity, I have a 
straightforward inquiry. Why would that be no zero point or stop of the periphery design development when 
the shaft splitter is in the vertical position? In the pillar splitter's vertical position, the mirrors and the mirror 
holders are evenly pushed by gravity. In any case, there is no zero point."[19] 


According to Paul LaViolette, Grusenick’s experiment proves the existence of ether and also his G-ons theory: 


“Subquantum Kinetics requires that G etherons (G-ons) reliably diffuse into the Earth, driven by the incline 
in the Earth's 1/r gravitational conceivable field. The low G-on center inside the Earth, as differentiated and 
the Earth's space condition, develops considering the way that G-ons are foreseen to be conveyed at an all 
the more moderate rate in the unbiased issue inside the Earth as differentiated and enveloping space. ... Later 
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he built up an improved adjustment of the interferometer, showed as follows, and found a total fringe move 
of 1.5 to 2.0 as the mechanical gathering was turned in the vertical bearing. This value comes closer to that 
of U.S. investigator Frank Pearce who has played out a type of the Grusenick break down using a | inch thick 
stone square, as opposed to an aluminum board, for mounting the interferometer mirrors and who found a 
move of just around one half to one outskirts when the mechanical get together was turned in the vertical 
bearing.”[20] 


Alternatively, let us assume that under certain conditions that aether can transform using Bose condensation process 
to become “unmatter”, a transition phase of material, which then it sublimates into matter (solid, gas, liquid). Unmatter 


can also be considered as “pre-physical matter.” 


Summarizing our idea, it is depicted in the following block diagram [1]: 


Aether > bose condensation > “unmatter” (pre-physical 
matter) > sublimation > ordinary matter/particle 


Diagram 1. How aether becomes ordinary matter 


Actually the term “unmatter” can be viewed as a solution from perspective of Neutrosophic Logic. A bit of history 


of unmatter term may be useful here: 


“The word 'Unmatter' was instituted by one of us (F. Smarandache) and distributed in 2004 of every three 
papers regarding the matter. Unmatter is framed by mixes of issue and antimatter that bound together, or by 
long-extend blend of issue and antimatter shaping a pitifully coupled stage. The possibility of unparticle was 
first considered by F. Smarandache in 2004, 2005 and 2006, when he transferred a paper on CERN site and 
he distributed three papers about what he called 'unmatter'’, which is another type of issue framed by issue 
and antimatter that quandary together. Unmatter was presented with regards to ‘neutrosophy' 
(Smarandache, 1995) and 'paradoxism' (Smarandache, 1980), which depend on blends of inverse substances 
‘An’ and ‘antiA' along with their neutralities 'neutA' that are in the middle.”' See also Christianto & 
Smarandache [17]. See also F. Smarandache et al.’s papers and books, [21-27]. 


In any case, in this paper, unmatter is considered as a progress state (pre-physical) from aether to get common particles, 


see also [1]. Moreover, superfluid model of dark matter has been discussed by some authors [6-7]. 


3. An expanded model of unmatter 
In other side, it is known that astronomers find that only 1% of matter in the universe is observed, while 99% is 


undetected. That is why they call it the Hidden Universe. 





' http://fs.unm.edu/unmatter.htm 
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Could it be that aether (may be in form of superfluid medium, a ka Mishin phase state) can be intermediate entity in 


neutrosophic sense? 


In this line of thought, it is possible to come up with an expanded model of unmatter, as follows: 


consciousness/ 


a aether 
ellaie 





Expanded 
Model of 


unmatter 


pre-physical bose 
matter condensation 





ordinary matter 





Diagram 2. An expanded model of unmatter 


May be it is because the remaining entities are in the form of consciousness, aether and pre-physical matter. That is 


what can be called as “expanded model of unmatter.” 


4. Remark on grid cells, bhutatmas, and consciousness 


May be it is possible to come up with a model of how spirit affect matter and vice versa, which reminds us to papers 
by Ervard Moser et al. on grid cells, space cells etc. 


We can add some remark as follows: 


“Space cells and grid cells were first discussed by Alfven (Nobel Prize in Physics) regarding plasma 
behaviors. I brought it out that these cells have, and evoke, personality traits in all who occupy the given 
cell, over large spans of time. Which means each star and each cell in the spaces between stars, has a 


unique personality. 
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The Russians did a research project that covered most of Asia, and all of Europe, and determined that each 
cell contains life forms plants animals birds insects fish, and so on, that are unique to that specific cell, and 
that the people who are native to a given cell have similar personality traits and behaviors unlike the 


inhabitants of other cells. 


The personality of the land ofa given cell produces an ambient "personality field" and a unique "magic" that 


can be learned and used by the inhabitants as a source of benefits which are specific to that cell. 


These personality cells are produced by the aether energy-information contents of the plasmas which 
originate the personality of the given cell. These cell have distinct boundaries and are directly involved with 
creating life-forms which are perfectly suited to life in the given cell. Some life forms are able to cross over 
into other cells without undue stresses. Others do not live long when they are removed from their native 


information-energy habitat. 


For life forms which are able to transit and occupy various cells, if the given Being spends a large amount of 
time in a specific cell, they start to change physically and psychologically in alignment with the qualities of 


the personality of the land they are spending large amounts of time in. 


The Bhutatmas are conveyed by plasmas and "stick to" every material form. Aether clings to matter at all 
scales, interpenetrating it and forming an atmosphere, similar to the photographs taken by Krasnoholovets of 
the "atmosphere" of "inertons" which surround electrons. Inertons are much larger than Bhutatmas, however. 
There are many layers of behaviors related to the smallness of the entities involved which form thresholds of 


altered physical behaviors, as seen in Pendry structures and other metamaterials. 


Air currents, water currents, electrical flows, plasma flows, and all wave forms in all media, regardless of 
phase state, convey aether and information energy between end points and all along the lines of the flows. 
Aether circuits are always bi-directional between end-points, while plasma and electrical flows are one- 
directional. Gravitation and time aether flows also carry information-energy and can alter the given local 


energetic informational environment fairly rapidly, or over large spans of time. 


Marjanovic's model does not cover any of this, as he has no attention for the physics of information-energy, 


Consciousness, nor studies of the activities of Divinity. Bhutatmas cover all the bases.” 


Moreover we can add... 


“Personality cells are determinant in what kinds of matter are formed, and in where and when they are formed. 
Stars each have a unique personality, a unique chemistry, and a unique radiation spectrum, exactly because 
they are formed in different cells with different personalities, which personality cells act as environmental 


factors during star formation and planet formation. 
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This is related to the Telluric Intelligence (inhabiting aether rivers) which is endemic to and inherent in each 
star and each planet. Probably, each Telluric Intelligence is unique, as well as being involved with the unique 


star and the unique planets associated with the given star. 


According to Wal Thornhill and Steven Smith, with whom we agree on this, planets are formed internal to 
stars by precipitation processes resulting from the creation of atomic elements in the outer-most layers of 
stars, due to charge separation in stellar plasmas creating enormous gradients in the stellar electric field, thus 
urging the aether involved with the given star to create new atoms, as put into evidence in the SAFIRE 
Project. The newly formed atoms tend to precipitate and drift towards the central regions of the given star. 


Each planet will be unique, but have some traits in common with its parent star. 


Uniqueness is partly due to non-local influences being imposed on stellar systems by infinite velocity 
infinitesimals which carry and convey information to the given stellar system which influence the personality 
and material composition of the given star. This is a process due to the 5th phase state in Mishin's 5 phase- 
state aether. (Tesla talks about non-local influences imparting information and various forms of organization 
to local systems.) This is in addition to the Personality information inherent to the given aether-plasma space- 
cell, which can modify the local personality over time, and in response to superluminal activities of quantized 
red-shifts resulting in local variations in the laws of physics in the region, and local variations in the fine 
structure "constant", leaving leaving the galaxy-core aether-plasmoid in superluminal 3D shells, modifying 


the physics in the volume of the given out-bound shell.” 


Hopefully many more approaches can be developed in the direction as mentioned above. 


5. Concluding remarks 


In this paper, we discussed three possible applications of Neutrosophic Logic in the field of matter creation processes 
etc. For instance, a redefinition of term “unmatter” is proposed here, where under certain conditions, aether can 
transform using Bose condensation process to become “unmatter”, a transition phase of material, which then it 
sublimates into matter (solid, gas, liquid). Unmatter can also be considered as “pre-physical matter.” Moreover, we 
can extend it further to include consciousness/spirit, which may explain why the 99% of matter in this Universe is 


undetected. Further researches are recommended in the above directions. 
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Abstract 


The aim of this paper is to combine the notions of ordered algebraic structures and neutrosophy. In this regard, 
we define for the first time single valued neutrosophic sets in ordered groupoids. More precisely, we study 
single valued neutrosophic subgroupoids of ordered groupoids, single valued neutrosophic ideals of ordered 
groupoids, and single valued neutrosophic filters of ordered groupoids. Finally, we present some remarks on 
single valued neutrosophic subgroups (ideals) of ordered groups. 


Keywords: SVNS, (a, 3,7)-level set, ordered groupoid, single valued neutrosophic subgroupoid, single val- 
ued neutrosophic ideal, single valued neutrosophic filter. 


1 Introduction 


Neutrosophy (10). a new branch of philosophy that deals with indeterminacy, was launched by Smaran- 
dache in 1998. The theory of neutrosophy is based on the concept of indeterminacy (neutrality) that is neither 
true nor false. Smarandache (i) defined neutrosophic sets as a generalization of the fuzzy sets introduced by 
Zadeh (15) in 1965 and as a generalization of intuitionistic fuzzy sets introduced by Atanassov (4) in 1986. A 
special type of neutrosophic set is single valued neutrosophic set (SVNS) (14) which also can be considered 
as a generalization of fuzzy sets and intuitionistic fuzzy sets. In an SVNS, each element has a truth value 
“t”, indeterminacy value “2”, and a falsity value “f” where 0 < t,i, ff < landO <t+72+/ < 3. When 
4 = Oand f = 1 —1t, we get a fuzzy set and when 0 < t+ f < 1 andi = 1—tW— f, we get an intuition- 
istic fuzzy set. Neutroosphic sets have many applications in different fields of Science and Engineering. In 
particular, they are connected to various fields of Mathematics and especially to Algebra. For example, many 
researchers [[I][2}/9||T2||T3}) have worked on the connection between neutrosophy and algebraic structures. 


Our paper introduces a new link between algebraic structures and neutrosophy. In particular, it is concerned 
about single valued neutrosophic sets in ordered groupoids and it is organized as follows: after an Introduction, 
in Section 2, we present some definitions related to neutrosophy that are used throughout the paper. In Section 
3, we present some definitions about ordered groupoids (groups) and elaborate some examples that are used 
in Section 4 and Section 5. In Section 4, we define single valued neutrosophic subgroupoids (ideals) as well 
as single valued neutrosophic filters of ordered groupoids, present many non-trivial examples about the new 
defined concepts, and study some of their properties. Finally in Section 5, we apply the definition of SVNS in 
ordered groupoids to ordered groups and present some remarks and results. 


2 Single valued neutrosophic sets 


In this section, we present some definitions about neutrosophy that are used throughout the paper. 


Definition 2.1. Let X be a non-empty space of elements (objects). A single valued neutrosophic set 
(SVNS) A on X is characterized by truth-membership function T’4, indeterminacy-membership function [,, 
and falsity-membership function F'4. For each element « € X,0 < Ty(zx), Ia(x), Fa(x) <1. 
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Definition 2.2. Let X be a non-empty set, 0 < a, 6,y < 1, and Aan SVNS over X. Then the (a, 6, 7)- 
level set of A is defined as follows: 


Lia,pyy) = {@ € X: Ta(a) > a, Ta(2) > 8, Fa(a) < 7}. 


Definition 2.3. (14) Let X be a non-empty set and A, B be single valued neutrosophic sets over X defined 
as follows. 


(T(x), La(x), Fa(@)) 








:ceEX},B={ . ox 


A={ (Ta (2), Ta (e), Fa(@)) 


Then 


1. A is called a single valued neutrosophic subset of B and denoted as A C B if Ta(x) < Tp(z), 
Ta(a) < Ip(x), and F'4(x) > F(x) for all a € X. 
If A is a single valued neutrosophic subset of B and B is a single valued neutrosophic subset of A then 
A and B are said to be equal single valued neutrosophic sets (A = B). 


2. The union of A and B is defined to be the SVNS over _X: 
x 


Gin), liue@),.Fuse) 


Here, T4ua(x) = T(x) V Tp (x), Laup(x) = La(x) V Ip (x), and Faua(x) = F4(x) A Fp (x) for all 
LEX. 





AUBS{ a 


3. The intersection of A and B is defined to be the SVNS over _X: 
x 


(Tans(®),fanp(®),Fans(®)) 


Here, Tana (x) = Ta(x) ATp(2), Lane (x) = La(x) AI p(x), and Fane (x2) = Fa(x) V F'p(2) for all 
rEX., 


AnB={ 





pa 


Example 2.4. Le X = {s,a,m} and S, M be SVNS over X defined as follows. 


s a m 


a {70.6,05)’ (0.8, 0.4, 0.2)’ (0.1, 0.6, 1) 





}, 


8 a m 
(0.9, 0.1, 0.7)’ (1,0, 0.6)’ (0.9, 0.3, 0.2) 
Then the SVNS S11 M and SU M over X are as follows. 


M={ 





\, 


s a m 


M= 
at {7,010.7 (0.8, 0,0.6)’ (0.1, 0.3, 1) 





}, 


s a m 


SUM= 
{709,0.6,0.5)" (1, 0.4, 0.2)’ (0.9, 0.6, 0.2) 





}. 


3 Ordered groupoids and ordered groups 


In this section, we present some examples on ordered groupoids and ordered groups that are used in Section 
4 and Section 5. For more details about ordered algebraic structures, we refer to [|5\] and (6). 


Definition 3.1. Let (G,-) be a groupoid (group) and “<” be a partial order relation (reflexive, antisym- 
metric, and transitive) on G. Then (G,-, <) is an ordered groupoid (ordered group) if the following condition 
holds for all z € G. 

Ife <ythenz-c<z-yandz-z<y-z. 


Definition 3.2. Let (G,-,<) be an ordered groupoid (group). Then G is called a total ordered groupoid 
(group) if x and y are comparable for all x,y € G. i.e, «7 < yory < x forall z,y € G. 


An ordered groupoid (G,-, <) is said to be commutative if x -y = y- «x for all x,y € G and an element 
e in an ordered groupoid (G, -, <) is called an identity if e-« = x-e = x for all x € G. If such an element 
exists then it is unique. 
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Remark 3.3. Let (G,-) be any groupoid (group). Then by defining ““<” on G as follows: For all x, y € G, 
cnySr=y. 


Then (G,-,<) is an ordered groupoid (group). 
Such an order is called the trivial order. 


Ordered groups are a special case of ordered groupoids. We present some examples on infinite ordered 
groups. 


Example 3.4. The groups of integers, rational numbers, real numbers under standard addition and usual order 
are ordered groups. 


Example 3.5. Let Q* be the set of positive rational numbers. Then (QT, -,<) is an ordered group. Where 
“<” is defined as follows: For all q,q’ € Qt , 


/ 
q<¢{=e LEN. 
qd 
We show that the partial order “<” defines an order on Q*. Let g < q’ and z € QT. Having £ € Nand z > 0 
implies that te EN. Thus, gz < q’z. 





1 
c : “en + 1 1 = lgil 5s 4 
As an illustration for “<” on Q™, we can say that 7 < 5 as = = 2 € N whereas, 7 es 3 as L=3 ¢N. 


Alfie 


We present some examples on ordered groupoids that are not ordered groups. 


Example 3.6. Let G be any non-empty set with a € G and “<” a partial order on G. Then by setting x-y =a 
for all x, y € G, we get that (G,-, <<) is an ordered groupoid. 


Example 3.7. Let N = {1,2,...} be the set of natural numbers and define “<j” in N as follows: For all 
x,yEN, 
x <y y if and only if 7 > y. 


Then (N, +, <j) is a commutative ordered groupoid. This is easily seen as <j is a partial order on N and if 
xu <y yandz€ Nthenx+z>y+zand hence z+ z <y y+ 2. 


Finite groupoids can be presented by means of Cayley’s table. 


Example 3.8. Let (G1, -1) be the groupoid defined by Table} 


Table 1: The groupoid (G, -1) 








pp wip 
pp elo 
2 oOo w/o 





By setting <;= {(a, a), (a, 6), (a,c), (b, b), (c, c)}, we get that (Gy, -1, <1) isa commutative ordered groupoid. 
Example 3.9. Let (G1, «) be the groupoid defined by Table P| 


Table 2: The groupoid (G1, x) 








QF MP] st 
pp p/p 
onpaloe 
pa pla 





By setting <1= {(a, a), (a, b), (a,c), (0, b), (c,c)}, we get that (Gi, *, <1) is an ordered groupoid. 


Example 3.10. Let (G2, -2) be the groupoid defined by Table [3] 
By setting <2= {(1, 1), (2, 2), (2,3), (3, 3), (4, 4)}, we get that (G2, -2, <2) is an ordered groupoid that is not 
a total ordered groupoid. 
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Table 3: The groupoid (Go, -2) 





bo 





RwWNe!S 
RRR HR 
ARABBR ASN 
AB PB Al 
Se PP ALA 





Table 4: The groupoid (G3, -3) 








(eo) 
ao a;ao 
aaalya 
ao aja 





Table 5: The groupoid (G4, -4) 








WN 
aoe 
PR RN 
We | 





Example 3.11. Let (G3, +3) be the groupoid defined by Table] 
By setting <3= {(e,e), (c,e), (c,d), (d,e), (d, d)}, we get that (Gs, -3, <3) is a total ordered groupoid with 


66? 


an identity “e”. 


Example 3.12. Let (G4, -4) be the groupoid defined by Table [5] 
By setting <4= {(1, 1), (1,3), (2, 2), (2,1), (2,3), (3,3)}, we get that (G4,-4, <4) is a commutative total 
ordered groupoid. 


Definition 3.13. Let (G,-,<) be an ordered groupoid and S C G. Then 
(S] = {a €G:a<sforsomes€ S}. 
Remark 3.14. Let (G,-, <) be an ordered groupoid and S C G. Then S C (S]. 
Definition 3.15. Let (G,-,<) be an ordered groupoid and S C G. Then 
1. Sis a subgroupoid of G if (S,-) is a groupoid and (S] C S. 
2. Sisaleft ideal of GifG-S C Sand (S] CS. 
3. Sis aright ideal of Gif S-G C Sand (S] CS. 
4. Sis an ideal of G if it is a left ideal of G and a right ideal of G. 
Example 3.16. In ExampleB.10| {1,4}, {1, 2,4}, and {1, 2,3, 4} are ideals of (G2, -2, <2). 


Definition 3.17. Let (G,-,<) be an ordered groupoid and F' C G. Then F is a filter of G if the following 
conditions are satisfied. 


(1) «-ye Fforallz,y € F; 
(2) Ifa-y € F then z,y € F forall x,y € G; 
(3) Ifa ec Fyy € Ganda < ytheny€ F. 
Example 3.18. In ExampleB.12| {3} and G4 are the only filters of (G4,-4, <a). 


4 SVNS in ordered groupoids 


In this section and inspired by the definition of fuzzy sets in ordered groupoids (7). we define for the 
first time single valued neutrosophic subgroupoids (ideals) (in Subsection 4.1) as well as single valued neu- 
trosophic filters (in Subsection 4.2) of ordered groupoids and study some of their properties such as finding 
a relationship between subgroupoids/ideals/filters of ordered groupoids and single valued neutrosophic sub- 
groupoids/ideals/filters of these ordered groupoids. Moreover, we construct many non-trivial examples on 
them. 
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4.1 Single valued neutrosophic subgroupoids (ideals) of groupoids 


Definition 4.1. Let (G,-,<) be an ordered groupoid and A an SVNS over G. Then A is single valued 
neutrosophic subgroupoid of G if for all x, y € G, the following conditions hold: 


(1) Ta(x-y) > Ta(x) A Ta(y); 

(2) La(w-y) > Ia(a) A aly); 

(3) Fa(w-y) S Fa(x) V Fa(y)s 

(4) Ifa <y then T,4(x) > Ta(y), La(x) = La(y), and F(x) < Fay). 


Definition 4.2. Let (G,-,<) be an ordered groupoid and A an SVNS over G. Then A is single valued 
neutrosophic left ideal of G' if for all x,y € G, the following conditions hold: 


(1) Ta(x-y) 2 Tay); 
(2) Ia(x-y) = Lay); 
(3) Fa(z-y) < Fa(y); 
(4) Ifa < y then T'4(x) > Ta(y), La(x) = Ia(y), and Fa(x) < Fa(y). 


Definition 4.3. Let (G,-,<) be an ordered groupoid and A an SVNS over G. Then A is single valued 
neutrosophic right ideal of G if for all x, y € G, the following conditions hold: 


(1) Ta(x-y) 2 Ta(z); 
(2) Ia(x-y) 2 Ia(z); 
(3) Fa(z-y) < Fa(z); 
(4) Ifa <y then T'4(x) > Ta(y), a(x) = La(y), and Fa(x) < Fa(y). 


Definition 4.4. Let (G,-,<) be an ordered groupoid and A an SVNS over G. Then A is a single valued neu- 
trosophic ideal of G if it is both: a single valued neutrosophic left ideal of G and a single valued neutrosophic 
right ideal of G. 


Remark 4.5. Let (G, -, <<) be acommutative ordered groupoid and A an SVNS over G. If A is a single valued 
neutrosophic right (or left) ideal of G then A is a single valued neutrosophic ideal of G. 


Remark 4.6. Let (G,-,<) be an ordered groupoid and a, 3, y € [0, 1] be fixed values. Then 
x 
(a, 8,7) 


is single valued neutrosophic ideal of G. Moreover, it is called the trivial single valued neutrosophic ideal. 


A={ x2 € G} 


Example 4.7. Let (N,+,<y) be the ordered groupoid defined in Example B.7] and A be an SVNS over N 


defined as follows: For all n € N, i 4 

Na(n)=(1——,1—_,—). 
Then A is a single valued neutrosophic ideal of N. To prove that and by means of Remark 5] it suffices to 
show that A is a single valued neutrosophic right ideal of G. Let n,n’ € N. Then n +n’ > n and thus, 
Ta(n+n’) =Ia(n+n’) =1- aia >1—4=T,(n) = I4(n) and F4(n +n’) = iw <2 = Fan). 
Let n <n n’. Then n > n’ and hence, Ta(n) = Ia(n) = 1-4 > 1-4 = Ta(n’) = I,(n’) and 
Fa(n) =1< 4, = Fa(n’). 


n— n' 





Proposition 4.8. Let (G,-,<) be an ordered groupoid with identity e and A an SVNS over G. Then A is a 
single valued neutrosophic left (right) ideal of G if and only if A is the trivial single valued neutrosophic ideal 
of G. 
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Proof. If A is the trivial single valued neutrosophic ideal of G then we are done by Remarkf¥.6| 

Conversely, let A be a single valued neutrosophic left (right) ideal of G. We prove the case when A is a single 
valued neutrosophic right ideal of G and the case when A is a single valued neutrosophic left ideal of G is 
done similarly. Let A be a single valued neutrosophic right ideal of G. Then for all « € G, we have: 


Ta(x) = Ta(e-x) > Ta(e), La(a) = Ia(e- x) > Ia(e), and Fa(x) = Fa(e- x) < Fa(e); 


Ta(x) = Ta(a-e) > Ta(ax), Ta(a) = Ia(x- ec) > Ia(x), and Fa(x) = Fa(x-e) < Fa(z). 


The latter implies that 
Ta(x) = Ta(e), La(2) = Ta(e), and F(x) = Fa(e). 


Therefore, A is the trivial single valued neutrosophic ideal of G. 














Example 4.9. Proposition4.8jasserts that the ordered groupoid (G3, -3, <3) in Example[3. 1 I}has no non-trivial 
left (right) single valued neutrosophic ideals. 


We present an example on a single valued neutrosophic right ideal that is not a single valued neutrosophic 
left ideal and an example on a single valued neutrosophic subgroupoid that is neither a single valued neutro- 
sophic left ideal nor a single valued neutrosophic right ideal. 


Example 4.10. Let (G1, -1, <1) be the ordered groupoid defined in Example[3.8]and A, B be the SVNS on G 
defined by N4, Nz respectively as follows. 


Na(a) = (0.9, 0.8, 0.1), Na(b) = Na(c) = (0.7, 0.6, 0.2); 


Nz(a) = (0.9, 0.8, 0.1), Ng(b) = (0.8, 0.5, 0.4), Nz(c) = (0.7, 0.6, 0.2). 


Then A is a single valued neutrosophic ideal of G'; and B is a single valued neutrosophic right ideal of G4. 
Moreover, B is not a single valued neutrosophic left ideal of G, as Tg(b-1 c) = Tp(c) % Tp (0). 


Example 4.11. Let (G1, *, <1) be the ordered groupoid defined in Example and B be the SVNS on G 
defined by Nz as follows. 


Nz(a) = (0.9, 0.8, 0.1), Np(b) = (0.8, 0.5, 0.4), Np(c) = (0.7, 0.6, 0.2). 


Then B is a single valued neutrosophic subgroupoid of G'; that is neither a single valued neutrosophic left 
ideal of Gj nor a single valued neutrosophic right ideal of G| as Tg(b* c) = Tp(c* b) = Tpa(c) # Ta(d). 


Lemma 4.12. Let (G,-,<) be an ordered groupoid and Ag a single valued neutrosophic subgroupoid of G. 
Then (|, Aa is a single valued neutrosophic subgroupoid of G. 


Proof. Letz,y € G. Then Ty, (a-y) > Ta, (2) A Ta, (y), La, (@-y) > Ia, (a) A Ia, (y), and Fg, (a-y) < 
F'4, (a) V Fa, (y) for all a. The latter implies that 


Th, Ao (@y) = inf Ta, (a-y) > inf{Ts, (7)ATa, (y)} = inf Ta, (a)Ainf Ta, (y) = Ty, 4, (®@)ATI, Aa YW); 
In, Aa (@-y) = inf La, (#-y) = inf{La, (@) Aa, (y)} = inf La, () Ninf Ta, (Y) = In, Aq (@) In, Aa Y): 
Fp, Ag (@y) = sup Fa, (zy) < sup Fa, (x)VF4,(y)} = ae PA, ea Fa, (y) = Fr, aa (@)VFn,, A. (y)- 
Let y < x. Then T4, (y) > Ta, (x), La, (y) > La, (2), and F'4, (y) < Fa, (x) for all a. One can easily see 


that TA a. (y¥) = Tp, Aa(@) In, aay) = In, a. (x), and Fp, a. (y) < Fr, a, (). Therefore, (),, Aa is 
a single valued neutrosophic subgroupoid of G. 














Remark 4.13. Let (G,-,<) be an ordered groupoid and A, a single valued neutrosophic subgroupoid of G. 
Then L),, Aq may not be a single valued neutrosophic subgroupoid of G. 


We illustrate Remark 4-T3]by the following example. 
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Example 4.14. Let (N, +, <) be the ordered groupoid of natural numbers under standard addition and trivial 
order. Define the SVNS A, B on N as follows. 


Na(a) (0.9,0.3,0) if a isa multiple of 2; 
xr) = 
. (0, 0, 1) otherwise. 


(0.9,0.3,0) if x is a multiple of 3; 
(0,0, 1) otherwise. 


Nz(x) = 


It is clear that A and B are single valued neutrosophic subgroupoids of N. But A U B is not a single valued 
neutrosophic subgroupoid of N as Naup(2 + 3) = Naue(5) = (0,0, 1) so Taua(2 +3) = Taun(5) = 0% 
0.9 = TauB (2) A TauB (3). 

Lemma 4.15. Let (G,-,<) be an ordered groupoid and A,, a single valued neutrosophic left (right) ideal of 
G. Then (),, Aq is a single valued neutrosophic left (right) ideal of G.. 


Proof. The proof is similar to that of Lemma[4.T?] 














Lemma 4.16. Let (G,-,<) be an ordered groupoid and Ag a single valued neutrosophic ideal of G. Then 
()., Aa is a single valued neutrosophic ideal of G. 


Proof. The proof follows from Lemmaff.T3]and having an ideal of an ordered groupoid is a left ideal and right 
ideal of it. L 


Lemma 4.17. Let (G,-,<) be an ordered groupoid and Aq a single valued neutrosophic ideal of G. Then 
U, Aa is a single valued neutrosophic ideal of G. 


Proof. Let x,y € G. Having Ag a single valued neutrosophic right ideal of G implies that T4, (a - y) > 
Ta, (x), Ia, (a-y) > Ia, (x), and Fy, (a-y) < Fa, (x) for all a. The latter implies that 


Ty, Aa (@*y) =supTa, (x+y) > supTa, (x) = Ty, a, (2); 


IU, A. (@+y) = supl4,(x-y) > supla,(x) = Ip, a, (2); 
Fu, Aa (a-y)= inf Fa, (a-y)< inf F(x“) = Fy, Aa (x). 


Similarly, having A, a single valued neutrosophic left ideal of G implies that Ty, (x+y) > Ty, (y), La, (@- 
y) > Ia. (y), and Fy (x: y) < Fa, (y) for all a. The latter implies that 


Ty, Aa ("+ y) = sup Ta, (x+y) > sup Ta, (y) = Ty, 4. (y); 


IU, A. (@+y) = supl4,(x-y) > supa, (y) = Ty, a.(y); 
FU, Ao (@-y) = inf Fa, (@-y) < inf Fa, (y) = Fu, a.(y). 


Let y < x. Then Ty, (y) > Ta, (x), La, (y) > Ia, (x), and Fa, (y) < Fa, (2) for all a. One can easily see 


that Ty a.(y) = Ty, Aa() Ty, aa ly) = Jy, a. (#), and Fy, a.(y) < Fy, a. (2). Therefore, U, Aa is 
a single valued neutrosophic ideal of G. 














Theorem 4.18. Let (G,-,<) be an ordered groupoid and A an SVNS over X. Then A is a single valued 
neutrosophic subgroupoid of G if and only if L(,g,,) is either the empty set or a subgroupoid of G for all 
0<a,8,y<1. 


Proof. Let A be a single valued neutrosophic subgroupoid of G and x, y € L(a,3,y) #0. Then T4(x), Ta(y) = 
a, I4(x), La(y) > 6, and F(x), Fa(y) < y. Since A isa single valued neutrosophic subgroupoid of G, it fol- 
lows that T4(a-y) > Ta(x)ATa(y) > a, La(a-y) > La(x)ALa(y) > Band Fa(a-y) < Fa(x)VFa(y) < 7. 
Thus, z-y € Lya,g,y). Let y < wand x € Lya,g,7). Then Ta(y) > Ta(x) = a, Ia(y) > I(x) = 8, and 
Fa(y) < Fa(x) < ¥. Thus, y € L(q,g,y) and hence, L_,3,7) is a subgroupoid of G. 

Conversely, let L(q,g,) # 9 be a subgroupoid of G for all 0 < a, 8,y < land a,y € G with Na(x) = 
(a1, 61,71) and Na(y) = (a2, G2, 72). By setting (a, 8,77) = (ay A a2, By A Bo,%1 V 42), we get that 
r,y € L(a,g,7). Having L(q,g,7) £ 0 a subgroupoid of G implies that x - y € Lq,,). The latter implies that 
Ta(x-y) 2 a = Ta(x) ATa(y), Ia(e-y) 2 B= La(z) A Tay), and Fa(x-y) Sy = Fa(z) V Fa(y). 
Let y < x with Na(x) = (a, 8,7). Then y € L,g,) and hence, Ta(y) > a = T(x), La(y) = 8 = La(a), 
and F'a(y) < y = F(a). Thus, A is a single valued neutrosophic subgroupoid of G. 
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Theorem 4.19. Let (G,-,<) be an ordered groupoid and A an SVNS over X. Then A is a single valued 
neutrosophic left (right) ideal of G if and only if L(a,g,) is either the empty set or a left (right) ideal of G for 
al0<a,6,y <1. 














Proof. The proof is similar to that of Theorem[.18] 


Theorem 4.20. Let (G,-,<) be an ordered groupoid and A an SVNS over X. Then A is a single valued 
neutrosophic ideal of G if and only if L,..,g,) 18 either the empty set or an ideal of G for all0 < a,B,y <1. 


Proof. The proof follows from Theorem 4.19] and having an ideal of an ordered groupoid is a left ideal and 
right ideal of it. 














Corollary 4.21. Let (G,-,<) be an ordered groupoid and A an SVNS over X. If A is a single valued neutro- 
sophic left (right) ideal of G then A is a single valued neutrosophic subgroupoid of G. 





Proof. The proof follows from Theorem. 18]and Theorem.19] 











Remark 4.22. The converse of Corollary 4-27]|may not hold. (See Exampleff.T7]) 


4.2 Single valued neutrosophic filters of groupoids 


Definition 4.23. Let (G,-,<) be an ordered groupoid and A an SVNS over G. Then A is single valued 
neutrosophic filter of G if for all x, y € G, the following conditions hold: 


1. T4(x-y) =Ta(x) A Ta(y); 
2. Ia(z-y) = a(x) A Lay); 
3. Fa(a-y) = Fa(x) V Fa(y); 
4. Ifx < y then T4(x) < Ta(y), Ia(z) < Ia(y), and Fa(x) > Fa(y). 
Example 4.24. Let (G4,-4, <4) be the ordered groupoid defined in Example. 12 Then 


1 2 3 
(0.1, 0.6, 1)’ (0.1, 0.6, 1)’ (0.9, 0.8, 0) 





A={ } 


is a single valued neutrosophic filter of G'4. 


Remark 4.25. Let (G,-, <<) be an ordered groupoid and a, 3, € [0, 1] be fixed values. Then 


A= gay HEC 


is single valued neutrosophic filter of G. Moreover, it is called the trivial single valued neutrosophic filter. 


Lemma 4.26. Let (G,-,<) be an ordered groupoid and A,, a single valued neutrosophic filter of G. Then 
()., Aa is a single valued neutrosophic filter of G. 














Proof. The proof can be done in a similar way to that of Lemma. 12] 


Remark 4.27. Let (G,-,<) be an ordered groupoid and A, a single valued neutrosophic filter of G. Then 
U,, Aa may not be a single valued neutrosophic filter of G. 


We illustrate Remarkf4.T3]by the following example. 
Example 4.28. Let (G,-) be the groupoid defined by Table [6] 


Table 6: The groupoid (G, -) 








NN N|N 
WN NY} w 
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By setting <= {(1, 1), (2,2), (3,3)}, we get that (G,-,<) is an ordered groupoid. By defining the SVNS 
A, B on G as follows. 


Na(1) = Na(2) = (0.6, 0.8, 0.1), N4(3) = (1, 0.8, 0.1); 


Np(1) = (1, 0.6, 0.4), Np (2) = Ng(3) = (0.9, 0.6, 0.4), 


we get that A, B are single valued neutrosophic filters of G. Since Taug(1- 3) = TauB(2) = 0.941 = 
Taus(1) A Taup(3), it follows that A U B is nota single valued neutrosophic filter of G. 


Lemma 4.29. Let (G,-,<) be an ordered groupoid and A a single valued neutrosophic set over G. If A is a 
single valued neutrosophic filter of G then for all 0 < a, 8,y < 1, Lya,g,7) is either the empty set or a filter of 
G. 


Proof. Let A be a single valued neutrosophic filter of G and x,y € G. One can easily see that if z,y € 
Lya,B,y) #Othen x-y € L(o,6,7)- lf x-y € Lia,p,y) #9 then Ty4(x-y) > a, I4(a-y) > B,and Fa(x-y) < 7. 
Since A is a single valued neutrosophic filter of G, it follows that T,4(x-y) = T4(a)ATa(y) > a, Ta(a-y) = 
T(x) A Ia(y) > 6B, and Fa(a@-y) = Fa(x) V Fa(y) < y. The latter implies that T4(x),Ta(y) > a, 
Ia(x),Ia(y) => 6, and Fa(x), Fa(y) < vy and hence, x,y € Lya,g,y). Lety < wand y € Lo,g,,). Then 
a< Ta(y) Ta(x), B< Ta(y) < T4(a), and y > Fa(y) > F(a). Thus, x € L(a,8,7) and hence, L(a,8,7) 
is a filter of G. Therefore, L(q,¢,y) 4 9 is filter of G. 














Lemma 4.30. Let (G,-,<) be an ordered groupoid and A a single valued neutrosophic set over G. If 


Lya,p,y) = {« € G: Na(x) = (a,8,7)} is a filter of G for all 0 < a,8,y < 1 then A is a single 
valued neutrosophic filter of G. 


Proof. Let x,y € G with Na(x-y) = (a, 8,7). Then x -y € Lyq,g,4). Having L(q,¢,7) @ filter of G implies 
that x,y € La,g,y)- The latter implies that Na(x) = Na(y) = (a, 8,7) and hence, T4(x) A Ta(y) = 
a = Ta(r-y), La(x) A Ia(y) = 8 = Ia(a- y), and Fa(x) V Fa(y) = y = Fa(x-y). Let x < y with 
Na(«) = (a,8,7). Having x € L(a,g,7) and Lyq,g,7) a filter of G implies that y € Lyq,g,7). The latter 
implies that T4(7) = a < Ta(y), La(x) = 6 < Ia(y), and F4(x) = y > Fa(y). Therefore, A is a single 
valued neutrosophic filter of G. 














5 Some remarks on SVNS in ordered groups 


In this section, we apply the definition of SVNS in ordered groupoids to ordered groups and point out some 
remarks and results about SVNS in ordered groups. Ideas of this section can be considered as a base for a new 
possible research on SVNS in ordered groups. 


Definition 5.1. Let (G,-,<) be an ordered group and A an SVNS over G. Then A is single valued neutro- 
sophic subgroup of G if for all x, y € G, the following conditions hold: 


(1) Ta(w-y) = Ta(x) A Taly); 

(2) Ig(x-y) = a(x) A Ta(y); 

(3) Fa(z-y) < Fa(a) V Fa(y); 

(4) Ta(a7*) = Ta(2), I(t") 2 Ia(a), Fa(a7*) S Fa(a); 

(5) Ifa < y then T'4(x) > Ta(y), La(x) = La(y), and Fa(x) < Fa(y). 


Proposition 5.2. Let (G,-,<) be an ordered group with identity “e” and A a single valued neutrosophic 
subgroup of G. Then the following statements hold. 


1. Na(x) = Na(a7") forallx €G. 


2. Ta(e) > T(x), La(e) > a(x), and Fa(e) < F4(a) forallx € G. 











Proof. The proof is straightforward. 





Proposition 5.3. Let (G,-,<) be an ordered group and A an SVNS over G. Then A is a single valued 
neutrosophic left (right) ideal of G if and only if A is the trivial single valued neutrosophic ideal of G. 
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Proof. The proof follows from Proposition} 











Proposition 5.4. Let (G,-,<) be an ordered group with identity “e” and A an SVNS over G. If e and x are 
comparable for all x € G then A is a single valued neutrosophic subgroup of G if and only if A is the trivial 
single valued neutrosophic subgroup of G. 


Proof. If A is the trivial single valued neutrosophic subgroup of G then we are done. 

Let A be a single valued neutrosophic subgroup of G. Since e, x are comparable, it follows that x < e or 
e<ua. Ifa < ethen T4(x) > Ty(e), La(x) > Iy(e), and F4(x) < Fa(e). Proposition 5.2} 2. implies 
that A is the trivial single valued neutrosophic subgroup of G. If e < x then x~! < e. The latter implies that 
Ta(e) > Ta(z), Ia(e) > a(x), and Fa(e) < Fa(x) and T4(x) = Ta(x7) > Ta(e), Ia(x) = I(x) > 
Ia(e), and F4(x) = Fa(a~') < Fa(e). Thus, A is the trivial single valued neutrosophic subgroup of G. 














Corollary 5.5. Let (G,-,<) be a total ordered group. Then G has no non-trivial single valued neutrosophic 
subgroups. 


Proof. Since (G,-,<) is a total ordered group, it follows that “e” (the ideantity of G’) and x are comparable 
for all x € G. Proposition B.4]completes the proof. 














Proposition 5.6. Let (G,-,<) be an ordered cyclic group with identity “e” and generator a, and A an SVNS 
over G. If e < a then A is a single valued neutrosophic subgroup of G if and only if A is the trivial single 
valued neutrosophic subgroup of G. 


Proof. If A is the trivial single valued neutrosophic subgroup of G then we are done. 

Let A be a single valued neutrosophic subgroup of G. Since e < a, it follows that a~' < e and hence 
Ta(e) < Ta(a~') = Ta(a), Ia(e) < Ia(a~*) = Ia(a), and Fa(e) > Fa(a7!) = Fa(a). The latter and 
Proposition 5.2} 2. imply that T4(e) = Ta(a), La(e) = Ia(a), and Fa(e) = F(a). Having e < a and 
(G, -, <) an ordered group implies that e < a” for all k = 1,2,... and hence, a~* < e. The latter implies 
that T4(e) = T4(a"), [4(e) = I4(a*), and F4(e) = F4(a*) for all k € Z. Therefore, A is the trivial single 
valued neutrosophic subgroup of G. 














Example 5.7. Using Proposition 5-6 we get that the ordered group of integers under standard addition and 
usual order has no non-trivial single valued neutrosophic subgroups. 


Proposition 5.8. Let (G,-,<) be a finite ordered group with identity “e” and A an SVNS over G. If e < aor 
a<ethena=e. 


Proof. Let |G| = n. Then a” = e. If e < athena < a* forall k = 1,2,.... By setting k = n, we get that 
a <e. And if a < ethene < a~! and hence a~! < (a~*)” =e. In both cases, we get that a = e. 














Proposition 5.9. Let (G,-,<) be a finite ordered group with identity “e”. Then “<” is the trivial order on G. 


Proof. Suppose that there exist x, € G such that x < y. Thene < yx !. Proposition [5.8] asserts that 


yx! = e and hence, x = y. 














From Proposition we deduce that studying single valued neutrosophic subgroups of finite or- 
dered group is the same as studying single valued neutrosophic subgroups of groups as the order is the 
trivial order. As a result, studying single valued neutrosophic subgroups of ordered groups should start 
with infinite groups. 


6 Conclusion and discussion 


This paper contributed to the study of neutrosophic algebraic structures by introducing, for the first time, 
SVNS in ordered algebraic structures. Several new concepts were defined and studied like single valued 
neutrosophic subgroupoids, single valued neutrosophic ideals, and single valued neutrosophic filters of ordered 
groupoids and many interesting examples were presented. Finally, an application of this study to ordered 
groups was discussed. The latter can be considered as a base for a new possible research on SVNS over 
ordered groups. 

For future work, we will work on SVNS in ordered groups and elaborate more properties about it. Also 
we will work on SVNS in ordered semigroups. 
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Abstract 


The NeutroGroups as alternatives to the classical groups are of different types with different algebraic prop- 
erties. In this paper, we are going to study a class of NeutroGroups of type-NG[1,2,4]. In this class of Neu- 
troGroups, the closure law, the axiom of associativity and existence of inverse are taking to be either partially 
true or partially false for some elements; while the existence of identity element and axiom of commutativity 
are taking to be totally true for all the elements. Several examples of NeutroGroups of type-NG[1,2,4] are 
presented along with their basic properties. It is shown that Lagrange’s theorem holds for some NeutroSub- 
groups of a NeutroGroup and failed to hold for some NeutroSubgroups of the same NeutroGroup. It is also 
shown that the union of two NeutroSubgroups of a NeutroGroup can be a NeutroSubgroup even if one is not 
contained in the other; and that the intersection of two NeutroSubgroups may not be a NeutroSubgroup. The 
concepts of NeutroQuotientGroups and NeutroGroupHomomorphisms are presented and studied. It is shown 
that the fundamental homomorphism theorem of the classical groups is holding in the class of NeutroGroups 
of type-NG[1,2,4]. 


Keywords: NeutroGroup; AntiGroup; NeutroSubgroup; NeutroQuotientGroup; NeutroGroupHomomorphism. 


1 Introduction and Preliminaries 


In any classical algebraic structure (X, «), the law of composition of the elements of X otherwise called a 
binary operation * is well defined for all the elements of X that is, x * y € X Va,y € X; and axioms like as- 
sociativity, commutativity, distributivity, etc. defined on X with respect to « are totally true for all the elements 
of X. The compositions of elements of X this way are restrictive and do not reflect the reality. It does not give 
room for compositions that are either partially defined, partially undefined (indeterminate), and partially outer- 
defined or totally outerdefined with respect to *. However in the domain of knowledge, science and reality, the 
law of composition and axioms defined on X may either be only partially defined (partially true), or partially 
undefined (partially false), or totally undefined (totally false) with respect to «. In an attempt to model the real- 
ity by allowing the law of composition on X to be either partially defined, partially undefined (indeterminate), 
and partially outerdefined or totally outerdefined, Smarandache i in 2019 introduced the notions of NetroDe- 
fined and AntiDefined laws, as well as the notions of NeutroAxiom and AntiAxiom inspired by his work in Ph, 
which has given birth to new fields of research called NeutroStructures and AntiStructures. For any classical 
algebraic law or axiom defined on X, there correspond neutrosophic triplets < Law, NeutroLaw, AntiLaw > 
and < Axiom, NeutroAxiom, AntiAxiom > respectively. Smarandache in ie) studied NeutroAlgebras and 
AntiAlgebras and in (eh, he studied Partial Algebras, Universal Algebras, Effect Algebras and Boole’s Partial 
Algebras and he showed that NeutroAlgebras are generalization of Partial Algebras. Rezaei and Smarandache 
(5 studied Neutro-BE-algebras and Anti-BE-algebras and fundamentally they showed that any classical alge- 
bra S with n operations (laws and axioms) where n > 1 will have (2" — 1) NeutroAlgebras and (3” — 2”) 
AntiAlgebras. Agboola et al. in (y studied NeutroAlgebras and AntiAlgebras viz-a-viz the classical number 
systems N, Z, Q, R and C and in (2, he studied NeutroGroups by considering three NeutroAxioms (Neu- 
troAssociativity, existence of NeutroNeutral element and existence of NeutroInverse element). In addition, he 
studied NeutroSubgroups, NeutroCyclicGroups, NeutroQuotientGroups and NeutroGroupHomomorphisms. 
He showed that generally, Lagrange’s theorem and Ist isomorphism theorem of the classical groups do not 
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hold in the class of NeutroGroups. In Gh, Agboola studied NeutroRings by considering three NeutroAxioms 
(NeutroAbelianGroup (additive), NeutroSemigroup (multiplicative) and NeutroDistributivity (multiplication 
over addition)). He presented Several results and examples on NeutroRings, NeutroSubgrings, Neutroldeals, 
NeutroQuotientRings and NeutroRingHomomorphisms. He showed that the Ist isomorphism theorem of the 
classical rings holds in the class of NeutroRings. Motivated and inspired by the work of Rezaei and Smaran- 
dache in Bh, the work on NeutroGroups presented in (2 is revisited and the present work is devoted to the 
study of a class of NeutroGroups of type-NG[1,2,4]. In this class of NeutroGroups, the closure law, the ax- 
iom of associativity and existence of inverse are taking to be either partially true or partially false for some 
elements; while the existence of identity element and axiom of commutativity are taking to be totally true for 
all the elements. Several examples of NeutroGroups of type-NG[1,2,4] are presented along with their basic 
properties. It is shown that Lagrange’s theorem holds for some NeutroSubgroups of a NeutroGroup and failed 
to hold for some NeutroSubgroups of the same NeutroGroup. It is also shown that the union of two Neutro- 
Subgroups of a NeutroGroup can be a NeutroSubgroup even if one is not contained in the other; and that the 
intersection of two NeutroSubgroups may not be a NeutroSubgroup. The concepts of NeutroQuotientGroups 
and NeutroGroupHomomorphisms are presented and studied. It is shown that the fundamental homomorphism 
theorem of the classical groups is holding in the class of NeutroGroups of type-NG[1,2,4]. 


Definition 1.1. (Sy 
(i) A classical operation is an operation well defined for all the set’s elements. 


(ii) A NeutroOperation is an operation partially well defined, partially indeterminate, and partially outer 
defined on the given set. 


(iii) An AntiOperation is an operation that is outer defined for all set’s elements. 


(iv) A classical law/axiom defined on a nonempty set is a law/axiom that is totally true (i.e. true for all set’s 
elements). 


(v) A NeutroLaw/NeutroAxiom (or Neutrosophic Law/Neutrosophic Axiom) defined on a nonempty set is a 
law/axiom that is true for some set’s elements [degree of truth (T)], indeterminate for other set’s elements 
[degree of indeterminacy (I)], or false for the other set’s elements [degree of falsehood (F)], where 
T,I,F € [0,1], with (7,7, F) A (1, 0,0) that represents the classical axiom, and (TJ, F) 4 (0,0, 1) 
that represents the AntiAxiom. 


(vi) An AntiLaw/AntiAxiom defined on a nonempty set is a law/axiom that is false for all set’s elements. 


(vii) A NeutroAlgebra is an algebra that has at least one NeutroOperation or one NeutroAxiom (axiom that 
is true for some elements, indeterminate for other elements, and false for other elements), and no Anti- 
Operation or AntiAxiom. 


(viii) An AntiAlgebra is an algebra endowed with at least one AntiOperation or at least one AntiAxiom. 


Theorem 1.2. 9 Let U be a nonempty finite or infinite universe of discourse and let S be a finite or infinite 
subset of U. If n classical operations (laws and axioms) are defined on S where n > 1, then there will be 
(2” — 1) NeutroAlgebras and (3" — 2”) AntiAlgebras. 


2 Main Results 


Definition 2.1. [Classical group] 
Let G be a nonempty set and let x : G x G > G be a binary operation on G. The couple (G, *) is called a 
classical group if the following conditions hold: 


(Gl) «xy € GVz,y € G [closure law]. 
(G2) a * (y* z) = (ax y) * 2 Va, y, z € G [axiom of associativity]. 
(G3) There exists e € G such that 7 * e = ex x = x Vax € G [axiom of existence of neutral element]. 


(G4) There exists y € G such that 7 * y = y * & = e Vax € G [axiom of existence of inverse element] where 
e is the neutral element of G. 


If in addition Vx, y € G, we have 
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(G5) «xy = y * a, then (G, *) is called an abelian group. 
Definition 2.2. [NeutroSophication of the law and axioms of the classical group] 


(NG1) There exist at least three duplets (x, y), (u,v), (p,q), € G such that x * y € G (degree of truth T) and 
[uw * v = outer-defined/indeterminate (degree of indeterminacy I) or p « g ¢ G] (degree of falsehood F) 
[NeutroClosureLaw]. 


(NG2) There exist at least three triplets (x, y, z), (p,¢,1), (u,v, w) € G such that x*(y*z) = (wxy)*z (degree 
of truth T) and [[p « (q « r) Jor [(p * q) * r] = outer-defined/indeterminate (degree of indeterminacy I) or 
ux(uxw) 4 (wxv) *w] (degree of, falsehood F) [NeutroAxiom of associativity (NeutroAssociativity)]. 


(NG3) There exists an element e € G such that x * e = e * x = x (degree of truth T) and [[s « eJorle * x] = 
outer-defined/indeterminate (degree of indeterminacy I) or x xe # x F e * x] (degree of falsehood F) 
for at least one x € G [NeutroAxiom of existence of neutral element (NeutroNeutralElement)]. 


(NG4) There exists an element u € G such that x * u = u * x = e (degree of truth T) and [[x * ujor[u * x)] = 
outer-defined/indeterminate (degree of indeterminacy I) or « * u 4 e 4 ux a] for at least one x € G 
(degree of falsehood F) [NeutroAxiom of existence of inverse element (NeutroInverseElement)] where 
e is a NeutroNeutralElement in G. 


(NGS) There exist at least three duplets (x, y), (u,v), (p,q) € G such that x x y = y * x (degree of truth T) and 
[[u *« vjor[v * u] = outer-defined/indeterminate (degree of indeterminacy I) or p * q 4 q * p] (degree of 
falsehood F) [NeutroAxiom of commutativity (NeutroCommutativity)]. 


Definition 2.3. [AntiSophication of the law and axioms of the classical group] 
(AG1) For all the duplets (x, y) € G, x x y € G [AntiClosureLaw]. 
(AG2) For all the triplets (a, y, z) € G, wx (y*z) 4 (axy)x*z [AntiAxiom of associativity (AntiAssociativity)]. 


(AG3) There does not exist an element e € G such that x * e =e* x = a Vax € G [AntiAxiom of existence of 
neutral element (AntiNeutralElement)]. 


(AG4) There does not exist u € G such that x * u = ux x = e Vax € G [AntiAxiom of existence of inverse 
element (AntiInverseElement)] where e is an AntiNeutralElement in G. 


(AGS) For all the duplets (x, y) € G, x * y 4 y * x [AntiAxiom of commutativity (AntiCommutativity)]. 


Definition 2.4. [NeutroGroup] 
A NeutroGroup NG is an alternative to the classical group G' that has at least one NeutroLaw or at least one 
of {NG1, NG2, NG3, NG4} with no AntiLaw or AntiAxiom. 


Definition 2.5. [AntiGroup] 
An AntiGroup AG is an alternative to the classical group G that has at least one AntiLaw or at least one of 
{AG1, AG2, AG3, AG4}. 


Definition 2.6. [NeutroAbelianGroup] 
A NeutroAbelianGroup NG is an alternative to the classical abelian group G that has at least one NeutroLaw 
or at least one of {NG1, NG2, NG3, NG4} and NG5 with no AntiLaw or AntiAxiom. 


Definition 2.7. [AntiAbelianGroup] 
An AntiAbelianGroup AG is an alternative to the classical abelian group G that has at least one AntiLaw or at 
least one of {AG1, AG2, AG3, AG4} and AG5. 


Proposition 2.8. Let (G, «) be a finite or infinite classical non abelian group. Then: 
(i) there are 15 types of NeutroNonAbelianGroups, 


(ii) there are 65 types of AntiNonAbelianGroups. 














Proof. It follows from Theorem[I-2] 
Proposition 2.9. Let (G, «) be a finite or infinite classical abelian group. Then: 


(i) there are 31 types of NeutroAbelianGroups, 
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(ii) there are 211 types of AntiAbelianGroups. 














Proof. It follows from Theorem[I-2} 


Remark 2.10. It is evident from Theorem[2.8Jand Theorem[2.9|that there are many types of NeutroGroups and 
NeutroAbelianGroups. The type of NeutroGroups studied by Agboola in (2h is that for which G1, G2, G3, G4 
and G5 are either partially true or partially false. 


Definition 2.11. Let (NG, «) be a NeutroGroup. NG is said to be finite of order n if the cardinality of NG is 
n that is o: NG) = n. Otherwise, NG is called an infinite NeutroGroup and we write o(NG) = oo. 


Definition 2.12. Let (AG, «) be an AntiGroup. AG is said to be finite of order n if the cardinality of AG is n 
that is o/ AG) = n. Otherwise, AG is called an infinite AntiGroup and we write o( AG) = oo. 


Example 2.13. Let NG = N = {1,2,3,4--- ,}. Then (NG,.) is a finite NeutroGroup where ’’.” is the 
binary operation of ordinary multiplication. 


Example 2.14. Let AG = Q*, be the set of all irrational positive numbers and consider algebraic structure 
(AG, *) where « is ordinary multiplication of numbers. It is clear that * is a total AntiLaw defined on AG. 
The binary operation x is totally associative for all the triplets (a, y, z) with x,y, z © AG. There is no neutral 
element(s) for all the elements AG and hence no element of AG has an inverse. Finally, the operation * 
is commutative for all the duplets (x,y) with «,y € AG. Hence by Definition (AG, *) is an infinite 
AntiGroup. 


Example 2.15. Let U = {a,b,c,d,e, f} be a universe of discourse and let AG = {a, b,c, } be a subset of U. 
Let « be a binary operation defined on AG as shown in the Cayley table below: 














QlLalalo 











am] OA] QLa2 














SK] 2] a) 0 


a;aa}* 





It is clear from the table that except for the compositions a * a = d,b * b = e,c * c = f that are outer-defined 
with the degree of falsity 33%, the rest compositions are inner-defined with 66.7% degree of truth. This shows 
that G'l is partially true and partially false so that « is a NeutroLaw. Also, G2 is partial true and partially 
false. There are 3° = 27 possible triplets out of which only 6 can verify associativity of «. Hence degree 
of associativity of « is 22.2% while the degree of non-associativity is 77.8% so that « is NeutroAssociative. 
However, G3 and G4 are totally false for all the elements of AG which shows that AG3 and AG4 are satisfied. 
Lastly, G5 is partially true with the degree of truth 50% and partially false with 50% degree of falsity which 
shows that * is NeutroCommutative. Hence by Definition 2.5] (AG, *) is a finite AntiGroup. 


3 Certain Types of NeutroGroups 


In this section, we are going to study certain types of NeutroGroups (VG, «). The NeutroGroups will be named 
according to which of NG1 — NG5 is(are) satisfied. In the sequel, «x * y will be written as cy Vz, y © NG. 


Example 3.1. Let U = {a, b,c, d, e, f} be a universe of discourse and let NG = {e, a, b, c} be a subset of U. 
Let « be a binary operation defined on NG as shown in the Cayley table below: 




















ale ala} * 
ale ala] a 
Qjla;oaa]s 
als sp oao 
Vale aja 
































It is clear from the table that G1, G2, G3, G4 and G5 are partially true and partially false with respect to * as 
shown below: 


(i) NeutroClosureLaw (NG1): Except for the compositions b « b = f,c* a = d which are false with 
12.5% degree of falsity, all other compositions are true with 87.5% degree of truth. 
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(ii) NeutroAssociativity (NG2): 


ax(bxc) = (axb)xc=b. 
ax(a*xa) = a, but,(a*xa)xa=cF#a. 
(iti) NeutroNeutralElement (NG3): 
Ne = Na=Np=e but 
Ne = eor b. 
(iv) NeutroInverseElement (NG4): 
le = @ 
La does not exist, 
Ip does not exist, 
I, = e. 
(v) NeutroCommutativity (NGS): 
bee = cxb=c. 
axb = a but bka=cFa. 


We have just shown that (NG, «) is a finite NeutroAbelianGroup. This is an example of the class of Neu- 
troGroups studied by Agboola in (2h. This class of NeutroGroups are referred to as of type-NG[1,2,3,4,5]. 


Example 3.2. Let U = {a, b,c, d,e, f} be a universe of discourse and let NG = {a, b,c, e} be a subset of U. 
Let « be a binary operation defined on NG as shown in the Cayley table below: 




















SQLRI Ala 








B/AlG Al] * 
QlAla; asa 











OQ} OR} AIS] O 
Dl Ola alo 

















It is clear from the table that G3 and G4 are totally true for all the elements of NG. However, G1, G2 and G5 
are partially true and partially false with respect to « as shown below: 


(i) NeutroClosureLaw (NG1): Except for the compositions a*c = f,b*c = d,c*a = d which are outer- 
defined with 18.75% degree of falsity, all other compositions are inner-defined with 81.25% degree of 
truth. 


(ii) NeutroAssociativity (NG2): 
cx(b*xb) = (c*xb)*xb=c. 
ax(b*xc) = axd= outer-defined, (a * b) *c=e. 
(iii) NeutroCommutativity (NG5): 
axb = bxea=c. 
axc = f but cta=dFf. 
We have just shown that (VG, «) is a finite NeutroAbelianGroup of type-NG[1,2,5]. 
Example 3.3. Let NG = Z and let « be a binary operation defined on NG by 
cxy=aut+ay z,yEeZ. 


It is clear that only G'1 is totally true for all x,y € NG but G2, G3, G4 and G5 are partially true and partially 
false with respect to « as shown below: 
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(i) NeutroAssociativity (NG2): 











xx(y*z) = vtayt xyz 
(axy)*z2 = xt+ay+auz4+aryz by equating, we have 
e+uytuys = L+4yY+UZ4+ LyZz 
= «£2 = 0 from which we obtain 
zx = 0 or z=0. 


This shows that only the triplets (0, y, 0), (0, y, z), (a, y, 0) can verify associativity of «. 


(ii) NeutroNeutralElement (NG3): 
It is clear that only the element 0 € NG has 0 as its neutral element and no neutral(s) for other elements 
of NG. 


(iti) NeutroInverseElement (NG4): 
Again, only the element 0 € NG has 0 as the inverse element and no inverse(s) for other elements of 
NG. 


(iv) NeutroCommutativity (NG5): 
Only the duplet (0,0) can verify the commutativity of « and not any other duplet(s) (x, y). Hence, 
(NG, *) is an infinite NeutroAbelianGroup of type-NG[2,3,4,5]. 


Definition 3.4. Let (VG, x) be a NeutroGroup. A nonempty subset NH of NG is called a NeutroSubgroup 
of NG if (NH, *) is also a NeutroGroup of the same type as NG. If (NH, *) is a NeutroGroup of a type 
different from that of NG, then NH will be called a QuasiNeutroSubgroup of NG. 


Example 3.5. Let (NG, «) be the NeutroGroup of ExampleB.2}and let NA, = {a,c,e} and NH» = {b,c,e} 
be two subsets of NG. Let « be defined on N H, and N H2 as shown in the Cayley tables below: 










































































*/a]cle *|b|]cle 
NH: ale|flia NER bleld]b 
c|/|d/ele clalel|e 
ela|]cle e|blele 
It can easily be shown that (NH1,*) and (NH2,x*) are NeutroGroups of type-NG[1,2,5] and therefore 


NH, and N Hz are NeutroSubgroups of NG. We note that o( NG) = 4,0(N Hi) = 3 = o(NAp2). Since 3 
does not divide 4, it follows that Lagranges’ theorem does not hold. Now consider the following: 

NH, UNH» = {a,b,c,e} = NG. 

NH, NA» {c,e}. 


These show that NH; U N Ho is a NeutroSubgroup of NG but NH 1 N Hz is not a Neutrosubgroup of NG. 
It is however observed that NH, M N Hz is a group as can be seen in the Cayley table below: 





* 
NH, ANH: cle 
e€ Cc 


Ie 
Is 





Cc 
e€ 























Definition 3.6. Let (NG, *) be a NeutroGroup and let a € NG be a fixed element. 
(i) The center of NG denoted by Z(NG) is a set defined by 


Z(NG) ={x € NG: xg = gua forat least one g € NG}. 
(ii) The centralizer of a € G denoted by NC, is a set defined by 
NC, = {g € NG: ga= ag}. 
Example 3.7. Let (NG, x) be the NeutroGroup of Example B.2| Then: 
(i) Z(NG) = {a,b,c,e} = NG. This shows that Z(VG) is a NeutroSubgroup of NG. 


(ii) NC, = {a,b,e}, NC, = {a,b,e}, NC. = {c,e} and NC. = {a,b,c,e}. We have that NC, and 
NC, are not NeutroSubgroups of NG, NC, is a group and NC, is a NeutroSubgroup of NG. 
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4 Characterization of Finite NeutroGroups of type-NG[1,2,4] 


In this section, we are going to study finite NeutroGroups of type-NG[1,2,4] that is NeutroGroups (NG, «) 
where G3 and G5 are totally true for all the elements of NG and where G1, G2 and G4 are either partially 
true or partially false for some elements of NG. 


Example 4.1. Let NG = {1,2,3,4} C Zs; and let « be a binary operation on NG defined as 
exey=ut+yt4 Va,ye NG. 


Then (NG, *) is a finite NeutroGroup of type-NG[1,2,4] as can be seen in the Cayley table 




















He} CO] DO] Fe] * 
He} CO] DO] Re] Fe 
CS} BR] WW] DO] wo 
rR} OO] By] co] ww 
Lo) el 
































Example 4.2. Let NG = {1,2,3} C Zz, and let e be a binary operation defined on NG as shown in the 
Cayley table 














Fr] bo] Co] 











dO] OG] bdo] bo 








WCW] DO} Fe} + 
Wy) Do] rR} rR 











Then (NG, e) is a finite NeutroGroup of type-NG[1,2,4]. 


Example 4.3. Let NK = {1,3,5} C Zs and let o be a binary operation define on N K as shown in the Cayley 
table 














NT] Fe] Co] Co 
re] NI] OY OF 

















OU WF] O 
OU CW] FR} Fe 











Then (NK, 0) is a finite NeutroGroup of type-NG[1,2,4]. 


Example 4.4. Let NG = {1,2,3,4,5} C Zio and let « be a binary operation define on NG as shown in the 
Cayley table 























| CO] D] BY] by) bo 
OU DI] CO] TD] Ww] w 
©] 3} bo] Co] BY] 
OY GO] Ol OS] oy or 




















OY RB] Co] DO] FE | * 
OU BY] Co] dO] RE] 

















Then (NG, *) is a finite NeutroGroup of type-NG[1,2,4]. 
Example 4.5. Let (NG, e) and (VK, 0) be NeutroGroups of eel Then 
NG x NG :3); (3,1), (3,2), (3,3)}, 


NKxNK = {(1,1), (1,8), LGA ce 5), (5, 1), (5,3), (5, 5)}, 
NGxNK = {(1,1), (1,8), (1,5), (2,1), (2,3), (2,5), (3; 1), (8,3), (3, 5). 
) 


It can easily be shown that (VG x NG,e), (NK x NK,o) and (NG x NK, 
NG[1,2,4]. 


a 
— 
YS 
— 
Se 
—~ 
— 
7 
YS 
ae; 
a 
— 
bs 











are NeutroGroups of type- 





Proposition 4.6. Let (NG,e) and (NK,o) be any two NeutroGroups of the same type-NG[1,2,4]._ Then 
(NG x NG,e), (NK x NK,0) and (NG x NK,(Q) are NeutroGroups of type-NG[1,2,4]. 


























Proof. The proof is easy and so omitted. 
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Proposition 4.7. Let (NG, «) be a finite NeutroGroup of type-NG[1,2,4]. The classical laws of indices do not 
hold. 











Proof. Since * is a NeutroLaw and * is NeutroAssociative over NG, the result follows. 





Corollary 4.8. No NeutroGroup (NG, *) of type-NG[1,2,4] can be cyclic that is, generated by an element 
xeENG. 
Proposition 4.9. Let (NG, «) be a finite NeutroGroup of type-NG[1,2,4]. If x and y are invertible elements 
of NG, then 

1 


(i) (Ce =". 


(ii) (ay)-t = ay, 





Proof. Obvious. 











Example 4.10. Let (VG, x) be the NeutroGroup of Example. T]and consider the following subsets of NG. 
NH, = {1,2}, NH2 = {1,3}, NH3 = {1,4}, NH = {1,2,3}, NHs = {1,2,4}, NHe = {1,3, 4}. 


It can be shown that (N H;,*) ,i = 1, 2,3,4,5,6 are NeutroSubgroups of NG. Next consider the following: 














NH,UNH, = NH,UNH, = {1,2,3} [NeutroSubgroups of NG]. 
NH,UNH3; = NH,UNH; = NH3U NH; = {1,2,4} [NeutroSubgroups of NG]. 
NH,UNH3 = NH2U NH, = {1,3,4} [NeutroSubgroups of NG]. 
NH3;UNH, = NH;U NH = {1,2,3,4} [trivial NeutroSubgroups of NG]. 
NH,O NH, = NH,ONH;s = NH, NH; = {1,2} [NeutroSubgroups of NG]. 
NH2N NH, = NH2NNH6 = NH40 NH, = {1,3} NeutroSubgroups of NG]. 
NH30 NH; = NH30NHe = {1,4} [NeutroSubgroups of NG]. 

NH, NH, = NH20NHz3 = {1} [not NeutroSubgroups of NG]. 


Example 4.11. Let (VG, x) be the NeutroGroup of Example 4]and consider the following subsets of NG. 
NH, = {1,2,4,5}, Ne = {1, 2,3, 5}. 
It can be shown that (N H;, *) ,i = 1,2 are NeutroSubgroups of NG. Next consider the following: 


NH,UNH, = =({1,2,5} [a NeutroSubgroup of NG]. 
NH, NO NH. {1,2,3,4,5} [a trivial NeutroSubgroup of NG]. 


Remark 4.12. Examples and. TT] have shown that in the NeutroGroups of type-NG[1,2,4], we can have 
the following: 


(i) Lagrange’s theorem may hold for some NeutroSubgroups of the NeutroGroups and fail to hold for some 
NeutroSubgroups. 


(ii) The union of two NeutroSubgroups of the NeutroGroups can be NeutroSubgroups even if one is not 
contained in the other. 


(iii) The intersection of two NeutroSubgroups of the NeutroGroups can be NeutroSubgroups. 
Definition 4.13. Let NH be a NeutroSubgroup of the NeutroGroup (NG, «) and let « € NG. 
(i) «NZ the left coset of NH in NG is defined by 


«NH = {ah:he NH}. 


(ii) The number of distinct left cosets of NH in NG is called the index of NH in NG denoted by [NG : 
NH). 
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(iii) The set of all distinct left cosets of NH in NG denoted by NG/NH is defined by 
NG/NH = {xNH : x € NG}. 


Example 4.14. Let (VG, x) be the NeutroGroup of Example 4. I]and let (NAj,*) ,i = 1,2,3,4,5,6 be the 
NeutroSubgroups of Examplef.10| The left cosets of NH; are computed as follows. 


INH, = {1,2},2NH, = {2,3},3NH, = {3,4},4NH, = {0,4}. 

INH, = {1,3},2NH = {2,4},3NH> = {0,3},4NH2 = {1,4}. 

INH, = {1,4},2NH3 = {0,2},3NH3 = {1,3},4NH3 = {2,4}. 

INH, = {1,2,3},2NH, = {2,3,4},3NHy = {0,3,4},4N Hy = {0, 1, 4}. 

INH; = {1,2,4},2NHs = {0,2,3},3NHs = {1,3,4},4NHs = {0,2, 4}. 

INHs = {1,3,4},2NHe = {0,2,4},3NHe = {0,1,3},4N He = {1,2, 4}. 
NG/NH,; = {1NH;,2NH;,3NH;,4NH;},i = 1,2,3,4,5, 6. 


Example 4.15. Let (NG, *) be the NeutroGroup of Example f.4]and let (NH; *) ,i = 1,2 be the Neutro- 
Subgroups of Examplef.TT] The left cosets of NH; are computed as follows. 


INH, = {1,2,4,5},2NH, = {0,2,4,8},3NH, = {2,3,5,6},4NH = {0,4,6,8},5NH; = {0,5}. 
INH, = {1,2,3,5},2NH> = {0,2,4,6},3NH» = {3,5,6,9},4NH = {0,2,4,8},5NH; = {0,5}. 
NG/NH,; = {1NH;,2NH;,3NH;,4NH;,,5NH;},i = 1,2. 


Lemma 4.16. Let N H be a NeutroSubgroup of the NeutroGroup (NG, *) of type-NG[1,2,4] and letx € NG. 
Then, NH = NH if and only if x = e where e is the identity element in NG. 


Proof. Obvious. 














Remark 4.17. Examples f.14] and f-T3]have shown that in the NeutroGroups of type-NG[1,2,4] distinct left 
cosets of NeutroSubgroups in the NeutroGroups do not necessarily partition the NeutroGroups. 


Let NH bea NeutroSubgroup of a NeutroGroup (VG, *) of type-NG[1,2,4] and let NG/NH be the set of 
distinct left cosets of NH in NG. ForxNH,yNH € NG/NHG with x,y € NG, let © be a binary operation 
defined on NG/NH by 


tNH ©yNH =ayNH Va,ye NG. 


We want to investigate if the couple (VG/NH, ©) is a NeutroGroup of type-NG[1,2,4] using the following 
examples. 

Example 4.18. Let NG/NH; = {1NH;,2NH;,3NH;,4NH;},i = 1,2,3,4,5,6 be as given in Example 
14] For i = 1, we have 








© |1NH, | 2NH, | 3NA, | 4NA; 
INA, | INA, | 2NA, | 3NA, | 4NA; 
INH, | 2NH, | 3NA, | 4NA, | ONA, 
3NH, | 3NA, | 4NA, | ONE, | ANA; 
4NH, | 4NH, | ONA, | INH, | 2NA, 












































It is clear from the Cayley table that (NG/N Hj, ©) is a NeutroGroup of type-NG[1,2,4] with 1N Hj as the 
identity element. This is also true for 7 = 2,3, 4, 5,6. 


Example 4.19. Let NG/NH; = {1NH;,2NH;,3NH;,4NH;,5NH;},i = 1,2 be as given in Example 
4.15] For i = 1, we have 








oO INF, | 2NA, | 3N A, | ANA, | ON AY 
INA, | INA, | 2NA, | 3N A, | ANA, | ONAL, 
2NH, | 2NH, | 4NH, | 6N A, | 8N A, | ON AY 
3NA, | 3NA, | 6NA, | ON A, | 2NA, | ON AY 
ANH, | 4NA, | 8N Ay | 2NA, | ON A, | ON A, 
DONA, | SNA, | ON, | SNA, | ON A, | SNA, 


















































It is evident from the Cayley table that (NG/N H,, ©) is a NeutroGroup of type-NG[1,2,4] with 1N Hj as the 
identity element.. This is also true for 2 = 2. 
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Remark 4.20. It is evident from Examples. T8}andf¥.T9]that if N H is a NeutroSubgroup of the NeutroGroup 
of type-NG[1,2,4], then NG/N AH the set of distinct left cosets can be made a NeutroGroup of type-NG[1,2,4] 
by defining appropriate binary operation © on NG/NH. The NeutroGroup NG/NH is called the Quotient- 
NeutroGroup of NG factored by NH. 


Definition 4.21. Let (NG, *) and (NH, o) be any two NeutroGroups of type-NG[1,2,4]. The mapping ¢ : 
NG — N8& is called a NeutroGroupHomomorphism if ¢ preserves the binary operations * and o that is if for 
at least a duplet (7, y) € G, we have 


p(x *y) = Ox) 0 bly). 
The Kernel of ¢ denoted by Ker@ is defined by 
Kerd = {x: o(x) = enn} 


where ey 7 is the identity element in NH. 
The Image of ¢ denoted by Im¢ is defined by 


Im¢é={y€ H: y= (ax) forsome he NFA}. 


If in addition ¢ is a NeutroBijection, then ¢ is called a NeutroGroupIsomorphism and we write NG = NH. 
NeutroGroupEpimorphism, NeutroGroupMonomorphism, NeutroGroupEndomorphism, and NeutroGroupAu- 
tomorphism are similarly defined. 


Example 4.22. Let (VG, e) be the NeutroGroup of Exampleff.2}and let db: NGx NG > NG bea projection 
given by 
vey) =y Va,y € NG. 


Then 
el, 1) = o(2, 1) = (3, 1) =1, o(1, 2) = (2, 2) = (3, 2) = 2, o(1, 3) = (2, 3) = (3, 3) = 3. 


Since $((2, 1)(3,3)) = (2,3) = 3 and ¢(2,1)¢(8,3) = Le 3 = 3 but $((2,2)(2,3)) = (0,2) =? and 
$(2, 2)0(2,3) = 2¢3 = 2, it follows that ¢ is a NeutroGroupHomomorphism. Imd¢ = {1, 2,3} = NG and 









































Kero = {(1, 1), (2, 1), (3, 1)}. The Ker¢ is a NeutroSubgroup of NG x NG as can be seen in the following 
Cayley table 
e (1,1) | (2,1) | (3,1) 
(1,1) | 4,1) | (2,1) | (8,1) 
(2,1) | (2,1) | (0,1) | (2,1) 
(3,1) | (8,1) | (2,1) | G,1) 
It is evident from the table that (Ker¢, e) is a NeutroGroup of type-NG[1,2,4] and since Keréd C NG x NG, 





it follows that ker ¢ is a NeuroSubgroup. 


Example 4.23. Let (NV.K,o) be the NeutroGroup of Example [3] and lety : NK x NK > NK bea 
projection given by 
W(a,y)=ax Va,yEe NK. 


Then 


v(1, 1) = v(1,3) = w(1, 5) = 1, ¥(8, 1) = W(3, 3) = W(3, 5) = 3, ¥(5, 1) = W(5, 3) = w(5, 5) = 6. 


Since #((1,1)(1,3)) = J(,3) = Land w(1,1)W(1, 3) = 101 = 1 but w((1,5)(5,3)) = (5,7) =? and 
wW(1, 5)w(5,3) = 105 = 5, it follows that w is a NeutroGroupHomomorphism. Imi) = {1,3,5} = NK 
and Kery = {(1,1), (1,3), (1,5)}. The Kerw is a NeutroSubgroup of N.K x NK as can be seen in the 
following Cayley table 








° 1,3 
(1,1) 1,3 
(1,3) 1,1 
(1,5) 1,7) 
It is evident from the table that (FCer~, 0) is a NeutroGroup of type-NG[1,2,4] and since Ker CNKxNK, 
it follows that ker w is a NeuroSubgroup. 
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Example 4.24. Let NG/NH; = {1NH;,2NH;,3NH;,4NH;},i = 1,2,3,4,5,6 be the NeutroQuotient- 
Group of Example4. 18] For i = 1, let’ : NG — NG/N Hy, bea mapping defined by 


W(a) =aNH, Vee NG. 
From Examplef¥.14]we have 
(1) = 1NA = {1,2}, (2) = 2NAM, = {2,3}, b(3) = 8NA = {3, 4}, (4) = 4N A = {0, 4}. 
Next, 


p(2*3) = (4) =4NH; = {0,4}, 

W(2)0W(3) = 2NH,©3NH, =2*3NH, =4NH;, = {0,4} but then, 
p(2*4) = (0) =? 

W(2)00(4) = 2NH,©4NH, =2*4NH, =0NA; =?. 


This shows that y is a NeutroGroupHomomorphism. The Kerd = 1NH, = {1,2} the identity element of 
NG/N A. 


Example 4.25. Let NG/NH; = {1NH;,2NH;,3NH;,4NH;,5NH;},i = 1,2 be the NeutroQuotient- 
Group of Example4.19| For i = 1, let 6: NG — NG/N Hy, be a mapping defined by 


d(x) =aNH, Vee NG. 








From Examplef4.15]we have 
wl) = INA, = {1,2,4,5},4(2) = 2N A, = {0, 2, 4,8}, (3) = 3N A, = {2, 3,5, 6}, 
(4) = 4N A, = {0,4,6, 8}, 6(5) = 5NA, = {0,5}. 
Next, 
(3 *5) (5) = 5N Hy = {0,5}, 
0(3)0 6(5) = 3NH,©O5NH, =3*5NH, =5NH, = {0,5} but then, 
o(3*2) = $(6) =? 
0(3)0 ¢(2) = 3NH,©02NH, =3*2NH, =6NA, =?. 


This shows that 2 is a NeutroGroupHomomorphism. The Kerw = 1N H, = {1,2,4,5} the identity element 
of NG/N A. 


Proposition 4.26. Let (NG, «) and (NH, 0) be NeutroGroups of type-NG[1,2,4] and let eng and eny be 
identity elements in NG and NH respectively. Suppose that 6 : NG — NH is a NeutroGroupHomomor- 
phism. Then: 


(i) $(enc) = enz- 

(ii) d(a-1) = (o(x))~* for every invertible element x € NG. 
(iii) Kerd is a NeutroSubgroup of NG. 
(iv) Imd@ is a NeutroSubgroup of NH. 

(v) ¢ is Neutrolnjective if and only if Kero = {enc}. 


Proof. The same as for the classical groups and so omitted. 














Proposition 4.27. Let N H be a NeutroSubgroup of a NeutroGroup (NG, *) of type-NG[1,2,4]. The mapping 
w:NG— NG/NH defined by 
W(x) =aNH Vae NG 


is a NeutroGroupHomomorphism and the Ker) = NA. 











Proof. The same as for the classical groups and so omitted. 





Proposition 4.28. Let 6 : NG — NH be a NeutroGroupHomomorpism and let NK = Ker@. Then the 
mapping ) : NG/NK —> Imd defined by 


W(aNK)=¢(2) Vae NG 


is a NeutroGroupIsomorphism. 











Proof. The same as for the classical groups and so omitted. 
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5 Conclusion 


We have in this work studied a class of NeutroGroups (NG, *) of type-NG[1,2,4]. In this class of Neu- 
troGroups, the closure law, the axiom of associativity and existence of inverse were taking to be either par- 
tially true or partially false for some elements of NG; while the existence of identity element and axiom of 
commutativity were taking to be totally true for all the elements of NG. Several examples of NeutroGroups 
of type-NG[1,2,4] were presented along with their basic properties. It was shown that Lagrange’s theorem 
holds for some NeutroSubgroups of a NeutroGroup and failed to hold for some NeutroSubgroups of the same 
NeutroGroup. It was also shown that the union of two NeutroSubgroups of a NeutroGroup can be a Neu- 
troSubgroup even if one is not contained in the other; and that the intersection of two NeutroSubgroups may 
not be a NeutroSubgroup. The concepts of NeutroQuotientGroups and NeutroGroupHomomorphisms were 
presented and studied. It was shown that the fundamental homomorphism theorem of the classical groups is 
holding in the class of NeutroGroups of type-NG[1,2,4]. We hope to study AntiGroups, revisit NeutroRings, 
study AntiRings,NeutroVectorSpaces, AntiVectorSpaces, NeutroModules, AntiModules, NeutroHypergroups, 
AntiHypergroups, NeutroHyperrings, AntiHyperrings, NeutroHypervectorSpaces and AntiHypervectorSpaces 
in our future papers. 
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Abstract 


The notion of fuzzy sets initiated to overcome the uncertainty of an object. Fuzzy topological space, in- 
tuitionistic fuzzy sets in topological structure space, vagueness in topological structure space, rough sets in 
topological space, theory of hesitancy and neutrosophic topological space, etc. are the extension of fuzzy sets. 
Soft set is a family of parameters which is also a set. Fuzzy soft topological space, intuitionistic fuzzy soft and 
neutrosophic soft topological space are obtained by incorporating soft sets with various topological structures. 
This motivates to write a review and study on various soft set concepts. This paper shows the detailed review 
of soft topological spaces in various sets like fuzzy, Intuitionistic fuzzy set and neutrosophy. Eventually, we 
compared some of the existing tools in the literature for easy understanding and exhibited their advantages and 
limitations. 

Keywords: Soft sets, fuzzy soft topological space, intuitionistic fuzzy soft topological space, neutrosophic 
soft topological space. 


1 Introduction 


In the year 1999, Molodtsov proposed the concept of soft sets (SS). This concept developed to overcome 
the difficulty to fix membership for each case. SS is a family of parameterization of the universe of discourse. 
Parameters may be numbers, meaningful words, sentences, etc. Anyone could define the parameterization for 
their convenient. This technique is very useful to model the uncertainties. Also, Molodtsov defined some basic 
operations and presented some uses of SS, such as stability and operations research, etc. 

The first definition of soft spaces was introduced by the authors Shabir and N a2 and it is defined on the 
universe of discourse with a fixed set of parameters. Also ne Per that a soft topological space provides 
a parameterized family of topological spaces. The researcher: are developed the concept of soft set 
theory. 

Fuzzy set (FS) was introduced by Zadet in the year 1965, every element ‘a’ in A has a membership 
value, where A is mapped from the universe of discourse to [0, 1]. Later Chang introduced the concept 
fuzzy topology in the literature, which satisfies the three axioms of topology and also Chang used the same 
notation in fuzzy topology as Zadeh used for FS. After few years, Lower! defined fuzzy topology which is 
different from definition by Chang. Maji et al EA proposed the concept of fuzzy soft set (FSS) and defined 
some basic operations. Later, Tanay et al introduced fuzzy soft topological space (FSTS)and established 
the basic definitions of FSTS by incorporating the fuzzy topology and soft set. FSTS was applied in various 
ways say, game theory, analysis, etc. Fuzzy soft set in topological space further studied by Roy SE The 
author OD EOSESISOES are successfully applied FSTS in real life. 

FS failed to address the rejection of an object in the set. So Atanassow4 proposed the theory where 
every object in a set has both acceptance and rejection with subject to the constraint that sum of acceptance 
and rejection should not exceed 1 and non-negative and that theory is called Intuitionistic fuzzy set theory. 
Intuitionistic fuzzy set A(a) is an generalization of fuzzy set where every element a in A is a subset of universal 
set have degree of membership and degree of non- membership and each function map from the universe of 
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discourse to the interval [0, 1]. Researchers developed the theory by generalising it and got new result through 
extension MLSE 759) Later, Maji et al#I introduced the notion of intuitionistic fuzzy soft set (FSS). D. 
Coker@1jnitiated the concept of IFSTS and followed byZETA developed the concept in decision making. 

Atanassov failed to address the problem when indeterminacy occurs in the object. To address the difficulty, 
Smarandaché@4) originated the concept called neutrosophic set. Every element in the neutrosophic set has 
truth, indeterminacy and falsity values respectively and which are maps from universe of discourse to [0, 1] 
with the constraint that truth, indeterminacy and falsity values should not exceed 3 and not less than zero 
under addition. Many complex problems in statistics, in graph theory when relationship between the object 
have acceptance, rejection and also indeterminacy, physics, image processing, networking and in decision 
making which can’t be solved by existing classical methods. The generalisation of this notion also exist in the 
literature, namely neutrosophic soft topology, neutrosophic nano topology, neutrosophic nano ideals opel 
neutrosophic support soft set 54 neutrosophic soft supra topological spaces in various sets, etc. Maji et al! 
presented the concepts of neutrosophic soft set. Maje raseeepes appuee the concept of neutrosophic soft 
sets (NSS) in pattern recognition, reasoning etc. Thereafter, Ber initiated the concept of neutrosophic 
soft topological space (NSTS). The following author EEE are developed NSTS. In this work, soft sets in 
various topological spaces are studied in detail. Advantages and limitations of different soft topological spaces 
are presented. Eventually comparison table of classical soft topological space, FSTS, IFSTS, NSTS are also 
presented. 


2 Preliminaries 


This section is a collection of definitions initiated byte Bo slote/t72151) for the development of soft sets in 
various uncertainty sets. 


Definition 2.1. Fuzzy set A(a) of universal set X is defined by A = {(a, j14(a)) : a © X}, where j4 represent 
the degree of membership and it is mapped from the universal set X to the unit interval [0, 1]. 


Definition 2.2. The pair (F, A) is called a FSS over X, where the mapping F' : A > F(U), F(U) is the set of 
all fuzzy subsets of non-empty set X and A is a subset of the set of parameters E. 


Definition 2.3. Let the pair (X,7) be a FSTS and 7 be a family of FSS over X # 9. The pair (X,7) is said 
to be a FSTS if it satisfying the following conditions: (i) 0g, 1m € T. (ii) If fa,, fa, in 7, then fa, A fa, in 
rT. (ii) If (fa); in 7, for all iin J, then union of (f,); in 7. Then 7 is called a topology of fuzzy soft sets on X. 


Definition 2.4. Let (X,7) be FSTS and f4 € F(X, E). The closure of fuzzy soft set f4 is intersection of all 
fuzzy soft closed supersets of fi. 


Definition 2.5. Let (X,7) be FSTS and f4 € F(X, E). The interior of fuzzy soft set f4 is union of all fuzzy 
soft open subsets of fi. 


Definition 2.6. Intuitionistic fuzzy set A(a) on the non-empty set X is defined by A = {(a, .4(a), va(a)) : 
a € X}, where jz, denotes truth value and v4 denote the falsehood and the map of truth value and falsehood 
from the universal set X to the interval [0, 1] and satisfying the constraint that sum of truth and falsehood value 
is lies between 0 and 1, foreach a € X. 


Definition 2.7. Let X and E be the initial universe and set of all parameters respectively and A is a subset of 
the parameter set E. Let IF(U) be the set of all power set of X. If the mapping F from the set A to IF(U), then 
the pair (F, A) is said to be intuitionistic soft set over X. 


Definition 2.8. Neutrosophic set A (a) on the non-empty set X is defined by A = {(a, w4(a), 74(a), va(a)) : 
a € X}, where 42,4 represent the degree of membership, a4 represent the degree of indeterminacy and v4 
represent the degree of non-membership and the map of membership , indeterminacy and non-membership 
from the universal set X to the interval [0, 1] and with the constraint 0 < wa(a) + o4(a) + va(a) < 3, for 
eacha ce X. 


Definition 2.9. Let X be a non-empty set and the parameters set be E. The power set of X is denoted by P(X) 
and is defined as the collection of all neutrosophic set. The pair (F’, I) is called the NSS over X, where Tis a 
subset of X and the map F from I to P(X). 


Definition 2.10. Let X and E are the non-empty set and set of parameters respectively and NSTS (X,7) isa 
subset of NSS (X, E) satisfying the following: 

(1) Null and universal soft set are the members of 7. (2) Finite intersection of member of any finite sub 
collection of 7 also in 7. (3) Arbitrary union of member of any sub collection of 7 also a member of T. 
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3 Soft Topological Spaces in Various Sets 


3.1 Fuzzy soft set 


In 2008, Yad presented the concept of soft fuzzy set and this concept tested for the significance of existin 
soft fuzzy set. Lastly, FSS relations and soft fuzzy set relations are compared with some example. Casmartil 
modified the definition of FSS and studied the concept with some of its properties. Finally, fuzzy soft aggre- 
gation operator is defined for effective construction of decision process. 

Generalized FSS introduced by MajumdaM“4 in 2010. Some properties of generalized FSS and its applica- 
tions are presented by Manjumdar. Tanay2l first introduced the concept of FSTS to the literature. The authors 
also defined the notion of neighbourhood, family of neighborhood, interior and closure of FSS, Basis for FSTS 
and finally subspace of FSTS along with the some properties. Gunduz. Call defined interior, closure of FSTS. 
Further, Gunduz introduced open and closed sets in respect of FSS and continuous mapping in FSS, homeo- 
morphism of FSTS. Characteristics of fuzzy soft topological structure also discussed. In 2011, Zhi Kong et 
al discussed FSS to present a real life problem with grey relation analysis theory. The result is verified with 
some cases. Mahanta introduced and studied fuzzy soft point and its neighbourhood in a FSTS. Closure and 
interior of FSS are studied and investigated separation axioms and connectedness of FSTS. Abd El — Latifl 
developed and studied the concept of pre-connected, pre-separated, pre-soft subspace of FSTS. Generally, Pre 
- disconnectedness of FSTS is not traditional property proved by Abd El — Latif In 2012, Varo brought 
the notion of fuzzy soft continuity and projection mapping of FSTS. Simsekler@ defined fuzzy soft open sets 
and fuzzy soft closed sets in FSTS and also fuzzy Q-neighbourhood of fuzzy soft points are defined. Roy 
et al defined the concept of accumulation point using Q-neighbourhood and also proved that separation 
axioms exists using Q-neighbourhood in FSS. 

Yang et al combined the concept of multi-fuzzy set and soft set to produce a new result called multi- 
fuzzy soft set. Also defined some theoretic operations say, union, intersection and complementary. Yang et 
al 7 developed an algorithm using multi-fuzzy soft set. Eventually using the proposed algorithm, decision 
making problem is analysed. Roy and Majil analysed the decision making problems using fuzzy soft sets. 
They construct an algorithm for selecting oT from universe of discourse by considering maximum value 
among the score using score function. Cetkin established the concept of continuous mappings in FSTS and 
presented the idea of anti-chain and isomorphism to FSTS. 

In 2015, KandilJ introduced the concept of semi connected set, semi s-connected set, semi separated set in 
FSTS. Sabir Hussain defined the soft pre-open set, soft alpha-open set in FSS and studied soft neighbourhood 
at fuzzy soft points. Also introduced soft regular open set and studied further. Finally, the relationships 
between the above proposed concepts are presented. Pre-open, pre-closed set of FSTS introduced by Abd E]- 
LatifB) and studied some properties of pre-regular, pre-normal space of FSTS. Fuzzy a-connected set, fuzzy 
a-separated set, fuzzy a-S-connected set in FSTS established by A.M. Abd El-Latif 

A. Kandil et al defined fuzzy soft point based on equivalence classes in the year 2015 and described 
that Universal fuzzy soft set can be written as the union of disjoint connected component. G. Kalpana et al SI 
introduced fuzzy soft r-open and fuzzy soft r-closed mappings, fuzzy soft r-closure, fuzzy soft r-interior, fuzzy 
soft r-continuous mapping through fuzzy soft set. Abd El-Latif initiated the notion of G-open soft sets and 
{-separation axioms in FSTS and established the properties of $-closure and 6 — regular, G-normal space in 
FSTS. 


3.2 Intuitionistic Fuzzy Soft Set 


Here, we present the initialization, extensions and generalization of intuitionistic fuzzy soft set in topological 
structure. Yang originated the concept of interval - valued IFSS, defined the set theoretic operations and 
finally decision making problem solved by adopting existing algorithm. Mukherjee proposed and studied a 
new type of sequence of intuitionistic fuzzy soft multi sets and some of its properties are investigated. Also 
the increasing, peptone, convergent sequences of intuitionistic fuzzy soft multi- topological spaces are 
introduced by Mukherjee## Finally, cluster intuitionistic fuzzy soft multi topological space and their properties 
are studied. In 2010, xv presented the concept of IFSS by merging K.Atanassov intuitionistic fuzzy set and 
soft set. Developed some basic operations and applying this tool to target the type recognition problem. Jiang et 
al 23) combined the two classical methods viz. soft set and interval-valued intuitionistic fuzzy set and produced 
a new result called interval-valued IFSS. Union, intersection and complement of interval-valued IFSS defined 
and established some basic properties. 

In 2012 Yin et al™ introduced further the concept of IFSS. In particular, theoretical operations such 
as union, intersection and complement, etc. are introduced. Mapping on IFSS introduced and their basic 
properties also presented. Li et al proposed the novel notion called IFSTS in the year 2013. The author 
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also defined the interior, closure, base, relative complement and absolute IFSS and IFSTS. Some properties of 
IFSTS also presented. 

In 2013, Agarwal et al 5 developed the concept of generalized IFSS and this developed a generalized pa- 
rameter to pool the intuitionistic fuzzy numbers. The author has developed three different algorithms mainly 
for decision making. One is for in medical diagnosis to compare the intuitionistic fuzzy numbers and remain- 
ing for measure the similarity, if any in selecting the supplier. Kumud Borgohain=l studied IFSTS and defined 
intuitionistic fuzzy soft separation axioms, normal space and finally completely normal space of IFSTS. Os- 
manoglu et all introduced intuitionistic fuzzy soft finer and coarser topological space, Intuitionistic fuzzy 
soft discrete topology and intuitionistic fuzzy soft indiscrete topology. Further, soft points and complement of 
intuitionistic fuzzy soft points and separation axioms of the same introduced and their properties also studied. 
Cetkin introduced the definition of closure intuitionistic supra fuzzy soft topological space. 

In 2014, Bayramov. J@lintroduced the basic definitions of IFSTS namely, null and absolute IFSTS, interior 
and closure, associated closure of IFSTS. Some basic properties also investigated. Mukherjee established 
the notion of intuitionistic fuzzy soft multi topological space for the parameterized family and also established 
the basic structure of intuitionistic fuzzy soft multi topological structure. 

Shuker Mahmood) studied and established soft b-closed, soft b-continuous mapping, soft b- closed dis- 
connectedness of IFSTS. In 2017, Yogalakshmi initiated the concept of various compactness of IFSTS, 
namely almost compact, nearly compact, etc and also studied intuitionistic soft fuzzy filter and intuitionistic 
soft fuzzy prime filter of IFSTS. 


3.3 Neutrosophic soft set 


This section contains the overview of various studies on NSS. In 2012, MajH4 defined the concept of NSS 
by combining soft set and neutrosophic set. Some basic operations of NSS, such as union, intersection and 
complement are defined and developed some properties of NSS. In the year 2013, Said Broumi presented 
the concept of generalized NSS with basic definitions and properties of generalized NSS. Deli defined the 
notion of relation on NSS. The composition of NSS is used to compose two different NSS. Deli examined the 
following concepts, namely equivalence relation, equivalence class and quotient of NSS. Deli also analyzed 
the decision making problem using NSS relation. Arockiaran™ defined a distance measure and score function 
to present a decision making problem using the existing tool called NSS. 

In 2017, Al-Qurarill introduced the notion of neutrosophic vague soft set which is an extended concept of 
classical soft set. Some basic operations and properties are defined and studied and at the end of the work, 
presented the decision making problem using the proposed concept to show the effectiveness. Parimala et a] 55) 
introduced an algorithm to analyze the medical diagnosis problem using interval-valued FSTS. In their work, 
some basic theoretic operations are also investigated. 

Berd! introduced the concept of NSTS. In the introduction paper, the authors are also defined interior, 
closure, base for NSTS, subspace of NSTS and regular NSTS. Finally some properties of NSTS and separation 
axioms with different characteristics are studied and investigated. 

In 2018 Berd introduced neutrosophic soft connected and compact topological space along with some 
properties. Finally the concept of continuous mapping on NSTS introduced and studied. Gunduz Aras et al B21 
established the definition of NSS and introduced the neutrosophic soft point. Finally separation axioms and 
subspace of NSTS are studied in detail. Parimala et al Ea proposed a new concept by incorporating NSS with 
hesitancy degree, which is exclusively for finding the residual of NSS. 


4 Advantages and Limitations 


Advantages and limitation of classical topological space and other topological spaces, such as FSTS, IFSTS, 
NSTS are presented here. 
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Types Advantages Limitations 
General topology It’s a classical method and it is basic for | We could not apply the classical 
all other topological space. approach for uncertainties and for 
many real life fields. 
Fuzzy topology In fuzzy topology, every element has | Rejection part of membership does 
membership grade which lies between [0, | not exist in the fuzzy topology. 
1]. 
Intuitionistic fuzzy | Every element in the set has truth and | It’s difficult to apply when some ele- 
topology falsehood value. ment have indeterminacy or indeter- 
minate form. 
Neutrosophic topol- | Every element in the non-empty set has | Residual part may lead to some ob- 
ogy acceptance, rejection and indeterminacy | vious errors in the solution. 
value. So all variables in the universe of 
discourse have value between [0,1]. 
Fuzzy soft topology A non-empty set can be written as disjoint | Non-acceptance of an element in the 
union of parameters set. One can sepa- | parameter does not consider. 
rate the characteristic from the universal 
set and investigate according to the need 
of problem. 
Intuitionistic fuzzy | Every element in the parameterization has | Omitting the possibility of neutral- 
soft topology possibility of acceptance and possibility | ity. 
of non-acceptance value. 
Neutrosophic soft | Here we consider acceptance rate, non- | Accuracy may affect if the residual 
topology acceptance rate and neutrality rate of all | rate is high. 
elements in the parameter. 











The following table emphasize the comparison of various tools which we discussed in this overview. 


























Sets Image Pre-Image Uncertainty | Truth False Indeterminacy 
Value of | value of | of parameter. 
Parame- | Parame- 
ter ter 
Classical sets | Universal | Integer Set. - - - - 
set 
Soft Topology | Initial Power set whose | - - - - 
Universe | ranges from 
closed interval 0 
to 1 
Fuzzy — Soft | Initial Power set whose | Present Present - - 
Topology Universe | ranges from 
closed interval 0 
to 1 
Intuitionistic Initial Power set whose | Present Present Present - 
Soft Topolog- | Universe | ranges from 
ical Space closed interval 0 
to 1 
Neutrosophic | Initial Power set whose | Present Present Present present 
soft topologi- | Universe | ranges from 
cal space closed interval 0 
to 1 























5 Conclusions 


Topological space has several applications in mathematics and in other fields like operations research, physics, 
data science, etc. But sometimes applying the concept of topology for real life application is difficult, because 
of uncertainties, inconsistent, incomplete information of the element. Fuzzy soft topological space introduced 
to overcome the difficulty in classical set which deals uncertainty of the object and intuitionistic fuzzy soft 
topological space established to solve some problem which encounter in fuzzy soft topology. Some cases, 
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object has indeterminacy value, for those cases the previous tools can’t be used. So Neutrosophic set has been 
introduced to deal the uncertainty, incomplete and inconsistent. This paper is thorough study of all these tools. 
Advantages and limitations of all existing tools are discussed. 
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Abstract 


In this paper, we have proposed an Interval-valued triangular neutrosophic number (IV-TNN) as a key factor to solve 
the neutrosophic linear programming problem. In the present neutrosophic linear programming problem IV-TNN is 
expressed in lower, upper truth membership function, indeterminacy membership function, and falsity membership 
function. Here, we try the compare our proposed method with existing methods. 


Keywords: Neutrosophic Set, Interval-valued triangular neutrosophic number, Neutrosophic Linear Programming 
Problem. 


1.Introduction 


A fuzzy set is defined by Zadeh[1] in the year 1965. Application of fuzzy set theory in various fields like decision 
making particularly in Linear programming problems (optimization problems) have been studied in a wide area after 
the introduction of a fuzzy set. As a result, many researchers have a contribution in this direction. Zadeh’s [1] definition 
on fuzzy set theory, it shows because of uncertainty for determining the degree of the membership function is not 
possible. In this regard, Zadeh[2] tried to short out the problem and in the year 1975, he proposed an interval-valued 
fuzzy set. After the discovery of the fuzzy set theory, Atanassov[3] introduced the concept of the Intuitionistic Fuzzy 
set which is an extension of the fuzzy set. The intuitionistic fuzzy set explains the degree of non-membership denoting 
the not belongs to the set. The important extension of the fuzzy set is the interval-valued fuzzy set, which is 
characterized by an interval-valued membership function. In [4], Atanassov discussed an idea on an interval-valued 
intuitionistic fuzzy set. D. Dubey [5] proposed an approach based on value and ambiguity in- dices to solve LPPs with 
data as Triangular Intuitionistic Fuzzy Numbers. 


Although intuitionistic fuzzy sets can only handle incomplete information not indeterminate, the neutrosophic set can 
handle both incomplete and indeterminate information. By observing this in 1995, Smarandache [6-9] introduce 
neutrosophy, which is the study of neutralities as an extension of dialectics. Neutrosophic sets are characterized by 
three independent degrees namely truth- membership degree (T), indeterminacy-membership degree (I), and falsity- 
membership degree (F), where T,I,F are standard or non-standard subsets of ]0°,1*[. The definition of single-valued 
neutrosophic sets were introduced by Wang [10], whose values belong to [0,1]. Single-valued neutrosophic sets were 
successfully applied to various decision-making problems [11-16]. 
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Linear programming is most powerful technique, which occurs in decision-making. Bellman and Zadeh [17] 
introduced fuzzy optimization problems where they have stated that a fuzzy decision can be viewed as the intersection 
of fuzzy goals and problem constraints. Many researchers such as; Zimmermann [18], Tanaka, et al.[19], Campos and 
Verdegay [20], Rommelfanger et al.[21], Cadenas and Verdegay [22] who were dealing with the concept of solving 
fuzzy optimization problems, later studied this subject. Parvathi and Malathi [23] have done their work on intuitionist 
fuzzy linear optimization. 


Then Abdel-Baset et al.[24] and pramanik [25] proposed neutrosophic linear programming methods based on the idea 
of neutrosophic sets. Also, Abdel-Baset et al.[26] introduced the neutrosophic linear programming models where their 
parameters are represented with the trapezoidal neutrosophic numbers and presented a technique for solving problems. 
Nafei et al. [27] presented a new method for solving interval neutrosophic linear programming problems. Abdel-Baset 
et al.[25] discussed a novel method for solving the fully neutrosophic linear programming problems. Khatter [39] 
proposed Neutrosophic linear programming using possibilistic mean according to Kirna[39] the proposed approach 
converts each triangular neutrosophic number in linear programming problem to weighted value using possibilistic 
mean to determine the crisp linear programming problem. Bera et al.[40] approach the application of neutrosophic 
linear programming problem to real life. They proposed an algorithm of the Big-M simplex method in this new climate 
and then it is applied to a real-life problem. Ye [41] studied on neutrosophic number linear programming method and 
its application under neutrosophic number environments. 


In this paper, we proposed an interval-valued triangular neutrosophic number to solve the neutrosophic linear 
programming problem so that we could have a better result in comparison to other methods. The structure of the 
chapter is as follows: the next section is a preliminary discussion; the third section describes the interval-valued 
triangular neutrosophic number of the proposed model; the fourth section describes steps of the proposed model; the 
last section summaries the conclusion. 


2. Preliminaries 
Definition 2.1 [6] Let X be a universe of discourse. A single-valued neutrosophic set N through X taking the form 


N = {x, Ty (x), Iy (x), Fy (x): « € X}, where Ty(x):X — [0,1], Iy(x):X > [0,1] and Fy(x):X — [0,1] with O< 
Ty (x) S Iy(x) S Fy(x) < 3 for all x © X and Ty(x),Iy(x%) and Fy(x) represents truth membership function, 
indeterminacy membership function, and falsity membership function of x to N. 


Definition:2.2[28] A triangular neutrosophic number (TNN) is denoted by A” = {(a', a™, a“), (u, i, y)} whose the 
three membership functions for the truth membership function, indeterminacy membership function and falsity 
membership function of x can be defined as 


(x — a!) : 
————- yu, a <x< a™ 
(am — a) 
L, x= sql 
Tyn(x) = 4 (a"—x 
" ( ) 7 a™<x< a” 
(a =a) 
0, otherwise 
l 
x-a 
aa ab<x< a™ 
a™ —a 
i, = <a™ 
I n(x) = au—-x 
a ( ) : a™<x< a” 
(aa) 
0, otherwise 
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Boy eh aces ad Ae 
Y, x= a™ 
F,n(x) = a 2 7 ee 
0, otherwise 


Where 0 < T,w(x) + I(x) + F,w(x) S 3, for x € AN and ifa’ = 0, AN is called a nonnegative TNN and for a! < 
0, A” is called a negative TNN. 


Definition 2.3 [28] Let A = {(a,, az,d3), (Uy, t,,¥1)} and B = {(b,, b5,b3), (Uz, i2,¥2)} be two TNN then the 
mathematical operation on two triangular neutrosophic numbers A and Bare as follows 


A+ B= {(a, + by, a2 + by, a3 + bz), (UA be, iV in, 1V ¥2)} 
A— B= {(a, — bz, az — bz,a3 — by), (ty V Marin A iz,¥1 A Y2)} 


dA = eae (i, iy, Yi ifa 2 0 
{(aa3,Aa2,Aa1), (Mi V1)} if A <0 
3. Interval Valued Triangular Neutrosophic Number (IV-TNN) 


Definition 3.1 Interval-valued triangular neutrosophic number (IV-TNN) shows a more abundant and flexible result 
than the neutrosophic number. Many authors defined with a different type of triangular neutrosophic numbers in this 
work we will define interval-valued triangular neutrosophic number (IV-TNN). 


An IV-TNN is defined as A = {(a", a, c“)(a¥, a, c¥) [ut uw); (e4, a, g)(e¥, a, gE I]; a, n*) LY, 
a, n¥)[y",y¥]}, where a”, a, c¥,a¥, c¥,e", g*,e¥, g¥, 1", n*,1¥,n¥ are belong to R and its lower, upper truth 


membership function, indeterminacy membership function, and falsity membership function is defined as follows 


(a). Lower and upper truth membership functions are 





eee f 
(x-a") L Lex< 





, a a 
(a-a") Gar), qu < x < a 
pe, x= a (a-a¥) 
Ta’(x) = 4 (cl-z) pie eo 3 C= nw , x= a 
(ch-a) : eS (cx) U U 
; TH, <x<c 
0, otherwise (cU-a) : 


(b). Lower and upper indeterminacy membership functions are 
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gk 
(x-e*) it Le 





e x<a 
(a-e4) ’ i. (x-e¥) uu 
—iI, a’ sxca 
it, x= a (a-a¥) 
L U ; 
Ix (x) = 4 (gt-x) Seis wake GAAS es ) WSN G 
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3.3.Neutrosophic Linear Programming Problem (NLPP) 


Linear programming is an optimization technique widely used in practical problem In this section we generalize the 
LPP term as the interval-valued triangular neutrosophic programming problem, denoted as IV-TNLP problem and 
defined as 


Maximize/minimize Z = é x 

Such that=Ax < b,x>0 

Where é, A, Dare interval-valued triangular neutrosophic numbers. 
4. Proposed IV-TNLP Method 


Step1 Let the decision-makers insert their 'V-TNLP problem. Because we always try to maximize truth membership 
function and minimize indeterminacy membership function and falsity membership, then inform decision-makers to 
apply the concept when entering triangular neutrosophic numbers of the IV-TNLP problem. 


Step 2 Convert IV-TNLP problem to its crisp model by using the following method 


Le A={(@" a. cya", a, CL. es a gC, @ GOL Ve yO aw yy" 1 YF be 
an interval-valued triangular neutrosophic number where, [u”, wu], [I/,1¥] and [y*,y¥] are truth membership 
function, indeterminacy membership function and falsity membership function of A.The ranking function for an 
interval-valued neutrosophic number A will be defined as 


L 


R(A) = at+ alice 


L 





+c tetteYti2atg tt guts t ttn tte ee Uy g yy 
_ _ 
24 2 2 2 


Step 3 By applying the proposed ranking function converts each interval-valued triangular neutrosophic number to its 
equivalent crisp value. This lead to convert the IV-TNLP problem to its crisp model. 


Step 4 Solve the crisp model using the standard method and obtained the optimal solution to the problem. 
5 Comparison of the proposed method with existing methods 

Comparison of the proposed method with [23] 

Maximize Z = 3 x,+ 4x, 


Such that, 


According to [23] the optimal value of the objective function is Z=21.45. Now we assume the parameters of LPP 
according to the proposed method which are represented as follows — 
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3 = {(2.55, 3, 6.55)(2.65, 3, 6) [0.40, 0.60]; (2.25, 3, 4.80) (2.65, 3, 6.80) 
[0.1, 0.2]; (2.75, 3, 6.50) (2.80, 3, 7.85) [0.3, 0.5]} 
4 = { (2.5, 4,5.9)(2.9, 4, 6)[0.3, 0.5]; (2.1, 4, 5.6) (2.4, 4, 5.8)[0.2, 0.3]; 
(3,4, 4.5), (3.5, 4, 5)[0.7, 0.9]} 
T = {(0.2, 1, 1.9)(0.3, 1, 2)[0.8, 0.9]; (0.1, 1, 1.2)(0.2, 1, 1.3) [0.1, 0.3]; 
(0.4, 1, 1.2) (0.8, 1, 1.8) [0.3, 0.4]} 
2 = {(1.4, 2, 2.4)(1.7, 2, 3)[0.3, 0.4]; (1.1, 2, 2.5) (1.5, 2, 2.6)[0.1, 0.3]; 
(1.8, 2, 2.1) (1.9, 2, 2.9)[0.1, 0.3]} 
3 = { (2.6,3, 3.9)(2.7, 3, 4)[0.3, 0.4]; (2.4, 3, 3.2) (2.5, 3, 3.5) [0.2, 0.3]; 
(2.8, 3, 3.1) (2.9, 3, 3.9)[0.5, 0.6]} 
5 = {(4.3, 5, 6.1)(4.4, 5, 6.3)[0.2, 0.6]; (4,5, 6) (4.2, 5, 4.8)[0.4, 0.6]; 
(4.5, 5, 5.6) (4.8, 5, 6)[0.3, 0.4] } 
20 = {(19.1, 20, 20.4) (19.2, 20, 20.6 )[0.4, 0.6]; (19, 20, 20.2 )(19.5, 20, 20.5) 
[0.1, 0.2]; (19.5, 20, 20.1) (19.9, 20, 20.3) [0.2, 0.6]} 
60 = {(59.50, 60, 71.80)(58.50, 60, 72.50)[0.5, 0.6]; (59, 60, 61.50) 
(59.85, 60, 62.50)[0.2, 0.3]; (59.20, 60, 62.85) (59.70, 60, 70.50) [0.3, 0.4]} 
By using proposed ranking function the problem will be converted to the crisp model as follows 
Maximize Z = 3.77 x,+ 3.95 x, 
Such that, 
0.78 x, + 1.96 x2 < 19.88, 
2.51 x,+ 4.59x, < 61.51 
X4,X, 20 
Solving the problem the optimal solution is x, = 24.51; xz = 0 with optimal objective value 92.39. 


By comparing the proposed model results with the results of [23] of the same problem, we observed that our proposed 
model results are better than the results of [23]. Also, if we see the optimal solution of the existing solution under the 
intuitionistic fuzzy system are x, = 7.15,x2 = 0 and Zj23) = 21.45 and from the optimal solution of the proposed 
method linear programming problem the objective function value equals 92.39 which is a problem of maximization. 
The proposed approach is smoother than the existing method in [23]. The existing method in [23] is only able to solve 
the problem but we can handle the situation in interval-valued neutrosophic number and due to this we can convert 
each interval-valued triangular neutrosophic number to its equivalent crisp value in a better way in comparison to 
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existing method. In addition, due to the explanation of determining truth membership function, falsity membership 
function, and indeterminacy-membership function, the proposed model is more effective than their method in [23]. 


Comparison of the proposed method with [27] 
Maximize Z = 7 x,+ 6x, +14 x; 

Such that , 

15x,+ 1x, < 10, 

9x,+4x.+ 8x, < 2 

19x, + 1l1x;< 4 

X1,X2,X3 20 


Following the method [27], we can observe when a’ =a¥ =e*= eV = UHM cha Vagre=giant=n 
the proposed method and existing method in [27] shows the same result. 


Now to get a more convenient optimal solution let us apply the proposed approach in comparison with the example 
of [27]. Let us assume IV-TNN as follows 


7 = {(5,7,9)(5.2, 7, 9.50)[0.70, 0.90]; (5.10, 7, 9.10) (5.50, 7, 9.50)[0.10, 0.40]; 
(5, 7, 8.50)(6.50, 7, 9)[0.20, 0.40]} 
6 = {(5.20, 6, 7.2) (5.8, 6, 7.8)[0.20, 0.60]; (5.30, 6, 6.85) (5.90, 6, 7)[0.20, 0.50]; 
(4.95, 6, 7.10), (5.50, 6, 7.25)[0.10, 0.80]} 
T4 = {(10.55, 14, 17.50)(11.35, 14, 18.25) [0.50, 0.70]; (10.75, 14, 17.85) 
(11.80, 14, 18.55)[0.40, 0.60]; (11.95, 14, 17.55) (12.15, 14, 18.25)[0.30, 0.40]} 
T5 = {(13.5, 15, 16.50)(14.10, 15, 16.85)[0.60, 0.80]; (14.20, 15, 17) 
(14.80, 15, 18.20)[0.10, 0.40]; (14.30, 15,16.30) (14.55, 15, 17.4)[0.40, 0.90]} 
i = {(0.85, 1, 1.95)(.90, 1, 2.90)[0.20, 0.70]; (0.55, 1, 2.15) (0.80, 1, 3.50) 
[0.10, 0.40]; (0.55, 1, 1.85)(0.80, 1, 2.85)[0.40, 0.95]} 
TO = {(5.85, 10, 16.25)(7.65, 10, 17.55)[0.1, 0.5]; (5.95, 10, 16.55) 
(7.55, 10, 17.85) [0.10, 0.40]; (6.80, 10, 16.85)(7.85, 10, 17.85) [0.60, 0.90]} 
5 = {(7.95, 9, 11.85)(8.55, 9, 13.55)[0.40, 0.50]; (8.55, 9, 11.85) (8.25, 9, 12.55) 
[0.50, 0.80]; (8.50, 9, 12.65)(8.35, 9, 14.85)[0.40, 0.80]} 
4 = {(3.55, 4, 6.95) (3.65, 4, 7.95) [0.10, 0.90]; (3.35, 4, 7.65) (3.65, 4, 8.85) 
[0.40, 0.5]; (3.25, 4, 6.85) (3.85, 4, 8.55) [0.30, 0.40]} 
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8 = {(6.85, 8, 9.5)(7.55, 8, 11.25) [0.70, 0.80]; (6.25, 8, 10.85) (7.25, 8, 11.55) 
[0.50, 0.60]; (7.55, 8, 10.25) (7.85, 8, 11.25)[0.10, 0.60]} 
2 = {(1.55, 2, 4.55)(1.75, 2, 5.55)[0.30, 0.60]; (1.45, 2, 4.85) (1.65, 2, 5.65) 
[0.10, 0.90]; (1.85, 2, 4.45) (1.90, 2, 6.85)[0.40, 0.60]} 
19 = {(16.85, 19, 21.80) (17.80, 19, 22.85) [0.50, 0.90]; (16.85, 19, 21.85) 
(17.85, 19, 22.85) [0.30, 0.50]; (16.95, 19, 22.50)(18.25, 19, 23.55)[0.70, 0.80]} 
11 = {(9.85, 11, 13.85) (10.55, 11, 14.85) [0.60, 0.80]; (9.25, 11, 13.85) 
(10.85, 11, 14.85) [0.40, 0.90]; (10.20, 11, 14.55) (10.85, 11, 15.25)[0.60, 0.90]} 
4 = {(2.55, 4, 5.55) (3, 4, 6.85) [0.30, 0.70]; (3, 4, 6.85) (3.85, 4, 7.25) 
[0.10, 0.20]; (3.45, 4, 6.85) (3.85, 4, 7.25) [0.10, 0.30]} 
Now by using proposed ranking function the previous problem will be converted to the crisp model as follows 
Maximize Z = 7.30 x,+ 6 x2 + 14.13x3 
Such that, 
15.01 x, + 0.30x, < 10.26, 
9.01 x,+ 4.40 x, + 8.36x3 < 2.20 
19.05 x, + 11.15x;< 4.66 
X1,X2,X3 20 
Solving the problem the optimal objective value is 3.72. 
This clears that the proposed method shows a more convenient optimal value than the existing method in [27]. Though 


both the methods (existing and proposed) are the same when a’ = a¥ =e" =eU = = ch = Vagr=gl= 
n' = n”, but due to having more chances for taking lower and upper triangular neutrosophic numbers for determining 
truth membership function, falsity membership function, and indeterminacy-membership function the proposed 


method shows the more suitable result. Hence our method is more applicable for solving real-life problems. 
Conclusion: 


In this paper, we have tried to discuss the neutrosophic linear programming problem concerning the interval-valued 
triangular neutrosophic number and compare the proposed method with some papers. In the proposed method interval- 
valued triangular neutrosophic number is expressed in lower, upper truth membership function, indeterminacy 
membership function, and falsity membership function. It is seen that the proposed method shows better results in 
comparison to [23]. The second comparison with [27] shows almost the same result when a’ = a¥ = e4 = e¥ = 
B=l¥ ch= (Y= gt =g" =n" = n” for the interval-valued triangular number that is when lower and upper 
truth membership function, indeterminacy membership function and falsity membership function, and interval-valued 
triangular number become the same. However, when we go through the proposed method it shows different in solution. 


In the future study, we extend the IV-TNLP algorithm in an interval-valued Neutrosophic Linear Fractional 
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Programming Problems. Hope our method would help in the future for getting better results in the decision-making 
system. 
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Abstract 


COVID-19 is pandemic affecting most of the country globally. It is an infectious disease that is 
affecting most of the people and it is very difficult to diagnose and treat the diseased patient. 
Generally asymptotic patients recover without any treatment. Patients with other illness such as 
Hypertension, Heart and Lung problems, Diabetic patients require intense care and treatment. In 
such cases, a team of doctors work together. The combination of all the experts’ opinions is 
needed for efficient treatment. Often, the opinion of doctors depends on their experience and 
involves some differences. Further, the expert’s opinion is in linguistic terms. Plithogenic sets 
provide a mathematical tool for aggregation of the experts’ opinion expressed in linguistic terms. 
Thus, this work aims to employ plithogenic neutrosophic number to rank the diseased patients 
affected with COVID-19. Hence, we propose an Order Preference Technique by Similarity to 
Ideal Solutions (TOPSIS) using Plithogenic sets. 


Keywords: Plithogenic sets, COVID-19, Medical decision making, TOPSIS method. 
1. Introduction 


Multi-Criteria Decision Making (MCDM) is applied to numerous pragmatic problems. Approaches to building a 
dynamic model are additionally differing what's more, rich. The dynamic relies upon the data gathered and the 
subjectivity of the choice creator. Data might be unclear, wrong and unsure. To this type of situation, neutrosophic 
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number was introduced and the scale neutrosophic sets, was proposed by Smarandache in 1998 [1,2,5], as an 
integral part to manage incomplete, uncertain and inconsistent data which exist in reality as they are characterized 
by truth value (T), indeterminacy value (I) and false value (F). This is significant in numerous application zones 
since indeterminacy is measured expressly and reality participation work, indeterminacy enrollment capacity and 
misrepresentation participation capacities are free. Wang.et.al in 2010[3,5] introduced the idea of single valued 
neutrosophic set. The single valued neutrosophic set can autonomously communicate truth-enrollment degree, 
indeterminacy-participation degree and deception enrollment degree and manages inadequate, vague and conflicting 
data. All the variables portrayed by the single-valued neutrosophic set are entirely reasonable for human intuition 
because of the defect of information that human gets or sees from the outside world. Single valued neutrosophic set 
has been growing quickly because of its wide scope of hypothetical polish and application regions. 

Single valued neutrosophic number is an augmentation of fuzzy numbers and intuitionistic fuzzy numbers. Single 
valued fuzzy number is an extraordinary instance of single valued neutrosophic set and is of significance for 
dynamic issues. 


Application of multi-valued neutrosophic sets in tending to issue with uncertain, imprecise, incomplete and 
inconsistent data existing in genuine logical and building applications. Tian,et al. in 2016[4,5], characterized the 
idea of rearranged neutrosophic linguistic sets. Rearranged neutrosophic linguistic sets have empowered incredible 
advancement in portraying linguistic information to a certain extent. 


MCDM is the vital tool for solving problems in real time Decision making (DM). DM is to choose, organize, and 
rank the limited number of strategies. Since an excessive number of strategies is included, Hwang and Yoon gave a 
scientific categorization of ordering the procedures by such as: the sorts of data from DMs, striking highlights of 
data, and a significant class of techniques. This categorisation gives better understanding of MCDM procedures. 
Among these methods, the categorisation of data based on criteria from DMs with cardinal data is convenient for 
making decision. In TOPSIS, the idea of separation measures, of the options from the PIS and the NIS was proposed 
by Hwang and Yoon [6]. 


Chen.et.al further developed TOPSIS to solve the decision-making problems with different criteria given in fuzzy 
theory [7]. Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS) for reducing n-dimensional objective 
problem into 2-dimensional objective problems in [8]. Ta-Chung.et al. developed a fuzzy TOPSIS model under 
group decision making to solve the problem of location selection [9]. Shih.et.al, proposed a new method to 
overcome the problem due to the inappropriately assigned criteria or their weights in MCDM [10]. Shih. et. al, 
produced a new methodology in normalization operations, distance and mean operators. Moreover, in decision 
making two or more preferences are aggregated internally in the TOPSIS procedure [11]. Jahanshahloo.et.al, 
introduced a new TOPSIS for dealing interval data [12]. Liu, P. recommended a TOPSIS method to solve multi- 
attribute DM problems which depends on its attribute weight [13]. Jadidi.et.al, came out with another strategy 
dependent on TOPSIS ideas in grey theory to manage the issue of choosing providers [14]. Kao, C. introduced a 
proportion of relative separation, which includes the figuring of the overall situation of an option between the anti- 
ideal and the ideal for positioning [15]. Tsaur, R.C. introduced another TOPSIS technique for positioning the 
choices from the data normalization [16]. Zhang.et.al, built up an improved model to discover the characteristic 
weights for MADM issues with lacking weight information measures under IVIFSs condition in [17]. Umran.et.al, 
created the MCDM technique for ranking renewable energy supply systems in Turkey[18].Sorin.et.al, presented a 
general view of the developments of fuzzy TOPSIS methods in [19]. Claudia.et.al, introduced ranking strategy for 
instructional videos by considering choice standards of various characteristics such as exact and loose, and a 
reference arrangement in [20]. Husin.et.al., introduced ranking the risk variables in [21]. 


P.Biswas.et.al, introduced decision making in neutrosophic environment [22]. Sorin Nadaban.et.al, A survey on 
MCDM problems with neutrosophic sets is in [23]. Azeddine.et.al, presented an improved TOPSIS strategy and 
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extended to simplified neutrosophic - TOPSIS using single valued neutrosophic values[24].Hagar.et.al, The 
proposed procedure opens the entryway of using neutrosophic sets in conjunction with game theory principles in 
solving competitive MCGDM issues under uncertainty conditions [25].K.Mondal.et.al, Introduced, another 
methodology for MCGDM problems is developed by expanding the TOPSIS technique under rough neutrosophic 
condition[26]. Akram.et.al, Presented bipolar neutrosophic TOPSIS technique and bipolar neutrosophic ELECTRE-I 
strategy in [27].Xu.et.al, Introduced, another neutrosophic approach based on TOPSIS technique, which can utilize 
NS data, is proposed to isolate the designs. Initially, the picture is changed into the NS space. By then, two 
exercises, modified mean and enhancement tasks are used to overhaul picture edges and to diminish uncertainity 
[28]. P.Biswas.et.al, developed nonlinear programming approach in TOPSIS method [29] and weights of DM are 
dictated by using closeness measure dependent on Hamming distance in [30]. Saqlain.et.al, explored MCDM 
problem with multiple-valued neutrosophic data [31]. Azeddine.et.al proposed lite TOPSIS from simplified TOPSIS 
(S-TOPSIS) [32]. A propelled kind of neutrosophic procedure, named type 2 neutrosophic numbers, and 
characterizes a portion of its operational guidelines in [33]. Nada.et.al introduced neutrosophic AHP and TOPSIS to 
improve the traditional methods of personal selection to achieve the ideal solutions in [34]. 


Similar to generalisation of fuzzy sets, intuitionistic sets, neutrosophic sets, Florentin Smaranche introduced the new 
notion of plithogenic sets in [35]. Plithogenic sets whose elements are characterised by multiple attributes is 
explained in [36]. Extension of plithogenic hypersoft set hyperset is discussed by Florentin Smarandache[37]. 
Shazia Rana et. Al. developed matrix representation and operators for plithogenic fuzzy set and plithogenic fuzzy 
whole hypersoft set [38]. Mohamed Abdel-Basset et. Al. discussed supply chain problem using plithogenic sets in 
[39] and also proposed hybrid plithogenic decision making approach [40], a TOPSIS-CITRIC model for supply 
chain is developed in [41]. Application of plithogenic sets in hospital medical care systems is in [42]. Prem Kumar 
Singh proposed multivariable data analysis using plithogenic sets in [43]. 


In this paper, we consider single-valued neutrosophic sets and plithogenic sets. Let R be a universal set. A single 


valued neutrosophic set D on R_ is defined as D={(5, (x) Mp (x), Mp (x): x€ R}. Where 


Op (a) Np (x) Lp (x) :R> [0,1] represents the membership value degree, indeterministic value degree and 


non-membership value degree respectively of the elements x€ R such that 0 < Op (x) +p (x) + Up (x) <3. 


Every attribute value v has corresponding (neutrosophic) degree of appurtenance d(x,v) of the element x to the 
plithogenic set P, with regard to predefined criteria. Further, it includes contradiction degree function to each 
attribute value with respect to the dominant one. For neutrosophic set, the appurtenance degree d:P x V > 
P({0,1]*), contradiction degree c: V x V > P([0,1]*), for set V of values of attributes. The proposed method of 
TOPSIS with plithogenic sets is presented in Section 2. This method is applied to analyse patients with Covid-19 
infection, in Section 3 and finally concluded. 


2. Proposed TOPSIS method for Plithogenic sets 


The procedure called TOPSIS (Technique for Order Preference by Similarity to Ideal Situation) can be utilized to 
assess various choices against the chosen standards. In the TOPSIS approach, an alternative that is closest to the 
single valued neutrosophic positive ideal solution (SVNPIS) and farthest from the single valued neutrosophic 
negative ideal solution (SVNNIS) is picked as optimal. An SVNPIS is made out of the best execution esteems for 
every other option while the SVNNIS comprises of the most noticeably terrible presentation esteems. A point by 
point depiction and treatment of TOPSIS is examined by [44,45] and we have adjusted the pertinent strides of 
TOPSIS using plithogenic sets as introduced beneath. Aggregation of decision makers alternatives and criterion is 
combined, and the optimal opinion is captured using plithogenic set operations. 

Steps for TOPSIS using plithogenic sets: 
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1. Let there be n-Decision Makers(DM,, DM2, DMs3, ..., DMy). 


2. Each Decision Maker has ‘r’ alternatives and ‘s’ criterion. The /-th alternative and m-th component are 


A = (a; Br» Yun) and @” =(a7", 8", 7") respectively. where /=1,2,...,7 and m=1,2,...s. 


Im? 


3. The Plithogenic neutrosophic ratings are aggregated and given as Z,, = (Qin>Bin> Vim) such that 


1 1 
(Qi Oats) Ay (Arbo Bo)={ [4 \p Bs (On VF Br)+ (G0 AF Br). 3 Vp f, ists | 


are used for the aggregation of DM’s opinion with respect to each criteria. 


4. The aggregated Neutrosophic weights of each criterion are calculated as @,, =i, B.%n) such that 


Of = min{@;}. # =— > Bt. Vn = max {7} 
n=l 


5. The MCDM problem in matrix format is 


ee ee ec 
x, Zi Zi 5 . : Z15 
x, 251 259 5 ; . 25.5 
A= 
x, Zr 2,9 ° ‘ : Zr 


o= (Q,,@,,...,@, ) where for all Z,,and @,,; 1=1,2,...,7 and m=1,2,...,8. 


Here Z,,, = (Qins Bn ; Vim) and @,, = (a, , pos Von ) are neutrosophic numbers representing linguistic variables. 


6. Thus we have the normalized Neutrosophic decision matrix as M = [d,, | ,f=1,2,...,r;m=1,2,...,8. 


rxs 





a 
Where d,,, = tm Bn Z| and Y,” = max ¥,,, (Benefit criteria) 
i 


bh 
a a a = 2 
where d,,, = Goa and @, = min @,, (Cost criteria) 
Vi Bm Qin j 


The above normalization method preserves the property that the ranges of normalized neutrosophic numbers belongs 


to[0,1]. Either benefit criteria or cost criteria is considered depending on the case study. 

7. The weighted normalized neutrosophic decision matrix Nis computed by multiplying the weights @,, of 
evaluation model with the normalized  neutrosophic decision matrix asN= [v,, i where 
t= ¢()\O. (0) By \l a2 ms 1 ass 

8. The SVNPIS and SVNNIS of the electives are defined as follows 

P* 10) 03540; b where D* =(Y, 7,7) such that Y= max {7} f=1,2,...,r;m=1,2...., Ss. 
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P- S1Ul Vier where D> = (@,Q,Q) such that a= min{a,,}.1=1,2,...,.5m=1,2,...5. 


9. The distance P* and P” of each weighted alternative / =1,2,..., 7 from the SVNPIS and SVNNIS is computed 


r fF. 
as follows Ee = » ds (v,,. v* ) and P= S: ie (v,,. Vv, ) where P, (i, ca) is the distance between two single 
m=1 m=1 


oro 


valued Plithogenic neutrosophic numbers ‘i’ and ‘jie, if = (a,,b,, ¢,) j= (a;:b;, Cy ) then 
“i 2 1 2 2 2 
Bi. i)=fH(a-a) (4-b) Ha-4)}- 
10. The closeness coefficient of CC, represents the distance of SVNPIS P* and SVNNIS P™ simultaneously. The 
P 
P+ Pe 
The proposed TOPSIS method for plithogenic sets is demonstrated to patients suffering from Covid-19. 





1=1,2,...,r. 


closeness coefficients of each alternative is calculated as C Cc, = 


3. Numerical illustration for Covid-19 


The whole world is facing and trying to cope up using different strategies to handle the novel CORONA virus 
(Covid-19). It is well known that while people of all age groups are susceptible to the disease, those with co- 
morbidities are especially vulnerable to it. For applying the proposed work, Covid-19 affected patients with 
hypertension, diabetic and heart disease.It is very difficult for a physician todiagnose and appropriately treat such 
patients. To overcome this, plithogenic neutrosphic linguistic scales are defined based on the diseases and the 
weights are defined based on the decision maker (Doctors). Let the co-morbidities (hypertension, diabetic and heart 


disease) be the criteria CCG Let us take three doctors opinion and the doctors be the decision-makers 


(DM ,DM,,DM, ) who will give the opinion or suggestion for hypertension, diabetic and heart disease patient 


which was measured in neutrosophic scale. Patients with these will also have some other complications, so every 
patient contradicts with other patients even though, they have a similar type of symptom. Plithogenic concepts are 
used and the contradiction is recorded. Let the patients be Patient.1, Patient.2, Patient.3, and Patient.4. In Table.1 
and Table.2, linguistic variables for describing the intensity of Covid-19 infected patients is presented based on 
plithogenic number. 


Table.1 Linguistic Variable are defined based on the Disease 









































Rating 

S.No. | Linguistic Plithogenic Number 
variable 

1 Nothing(N) (0.11,0.31,0.36) 

2 Very Low(VL) (0.16,0.26,0.11) 

3 Low(L) (0.41,0.36,0.51) 

4 Medium(M) (0.66,0.61,0.71) 

5 High(H) (0.71,0.66,0.81) 

6 Very High(VH) (0.91,0.86,0.91) 

7 Absolute(A) (0.96,0.91,0.96) 
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Table.2 Weights of the criteria are defined by the Decision Maker 



































S.No, | Linguistic Variables for the Importance Plithogenic Number 
Weight of Each Criteria 
1 Very Low(VL) (0.09,0.29,0.34) 
2 Low(V) (0.14,0.24,0.09) 
3 Medium Low(ML) (0.39,0.34,0.49) 
4 Medium(M) (0.64,0.59,0.69) 
5 Medium High(MH) (0.69,0.64,0.79) 
6 High(H) (0.89,0.84,0.89) 
7 Very High(VH) (0.94,0.89,0.94) 








The decision makers (doctors) opinion for different patients with weights for each attribute is given in table.3. 
Table.3 Linguistic Variables with Weights 



























































Weight VH |M VL |H ML | VH | MH | V H 
Contradiction DM DM? DMS 
Degree 
Patients Cy Cc C; Cy CG C3 Cy C, C; 
(Alternatives) 
Patient-1 0 N H A | VL | A N L | VH| H 
Patient-2 0.25 VL | M L L H M M | VH/} L 
Patient-3 0.50 VH| A H M | VL L N N A 
Patient-4 0.75 L | VH | VL | M A | VH |] N H | VL 























Using step.3 the plithogenic aggregation is calculated with contradiction degree is shown in table.4. For example, 
the DM’s opinion are aggregated in similar form 


DM, A, DM, =(0.11,0.31,0.36) A, (0.16, 0.26, 0.11) 


= fo.tta, 0.16,5(0.31V, 0.26) + (031A, 0.26) ,0.36V, 0.1] 


= (1-0)(0.11%0.16)+0,5(0.31+0.26) (1-0) (0.36+0.11-0.36%0.11) +0] 


= (0.02,0.29,0.43) 
DM, A, DM, 0, DM, =(0.02,0.29,0.43) A, (0.41,0.36, 0.51) = (0.01, 0.32, 0.72) 


Table.4 Plithogenic aggregation results 


























Contradiction DM14DM24DM3 
Alternative | Degree C C, C3 
Patient-1 0 (0.01,0.32,0.72) | (0.62,0.82,1.00) | (0.07,0.64,1.00) 
Patient-2 0.25 (0.27,0.46,0.71) | (0.63,0.75,0.93) | (0.29,0.42,0.75) 
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Patient-3 0.50 (0.45,0.52,0.59) | (0.34,0.45,0.45) | (0.76,0.71,0.81) 
Patient-4 0.75 (0.55,0.40,0.30) | (0.91,0.77,0.79) | (0.61,0.41,0.12) 


























Let the weights of the decision maker be their experience. Their experience is aggregated using step.4 and the 


weights are calculated as shown in Table-5. i.e. if @ = (a8. 7) then a, = min {0.94, 0.89, 0.69} = 0.69, 


ge 5 (0.894 0.84+0.64) = 0.79, y, = max {0.94, 0.89, 0.79} = 0.94. 


Table.5 Weighted decision matrix 






































Weights (0.69,0.79,0.94) | (0.14,0.39,0.69) | (0.09,0.67,0.94) 
Aggregate decision matrix DM14DM2*DM3 
Alternatives Cy Cy C; 
Patient-1 (0.01,0.32,0.72) | (0.62,0.82,1.00) | (0.07,0.64, 1.00) 
Patient-2 (0.27,0.46,0.71) | (0.63,0.75,0.93) | (0.29,0.42,0.75) 
Patient-3 (0.45,0.52,0.59) | (0.34,0.45,0.45) | (0.76,0.71,0.81) 
Patient-4 (0.55,0.40,0.30) | (0.91,0.77,0.79) | (0.61,0.41,0.12) 





In the situation, it is advisable to consider benefit criteria. Thus, the normalized neutrosophic decision matrix is 
calculated using step.6 as shown in Table-6. In similar form 


d -(%.A1, 24) 
al +t 
Mi we Mt 


where ¥% =max{0.72,0.71,0.59, 0.30} = 0.72 


dj, -(% Fu tn) (08 nes | = (0.01,0.44,1.00) 
Kove x) (0.727 0.72" 0.72 


Table.6 Normalized Decision Matrix 
Weights (0.69,0.79,0.94) | (0.14,0.39,0.69) | (0.09,0.67,0.94) 
DM14DM24DM3 
Alternatives C, CG C; 
Patient-1 (0.01,0.44,1.00) | (0.62,0.82,1.00) | (1.00,0.64,0.07) 
Patient-2 (0.38,0.64,0.99) | (0.63,0.75,0.93) | (0.75,0.42,0.29) 
Patient-3 (0.63,0.72,0.82) | (0.34,0.45,0.45) | (0.81,0.71,0.76) 
Patient-4 (0.76,0.56,0.42) | (0.91,0.77,0.79) | (0.12,0.41,0.61) 












































The weighted normalized neutrosophic decision matrix is calculated using step.7 as shown in the Table-7. In similar 
form 


v,, =d,,(.)@ =(0.01,0.44,1.00).(0.69, 0.79, 0.94) = (0.01, 0.35, 0.94) 


Table.7 Weighted Normalized decision matrix 





Alternatives Cc C, C3 
Patient-1 (0.01,0.35,0.94) | (0.09,0.32,0.69) | (0.09,0.43,0.07) 
Patient-2 (0.26,0.50,0.93) | (0.09,0.29,0.64) | (0.07,0.28,0.27) 
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Patient-3 (0.43,0.57,0.77) | (0.05,0.18,0.31) | (0.07,0.48,0.71) 
Patient-4 | (0.53,0.44,0.39) | (0.13,0.30,0.55) | (0.01,0.27,0.57) 























The SVNPIS is  {(0.53,0.57,0.94) (0.13, 0.32,0.69),(0.09,0.48,0.71)} and SVNNIS__ is 
{(0.01,0.35, 0.39) ,(0.05, 0.18, 0.31) ,(0.01,0.27,0.07)} are calculated using step.8. The distance between 


SVNPIS and SVNNIS is measured using step.9 and closeness coefficients are calculated using step.9 and the 
patients are ranked as shown in the Table.8. 

Table.8 Distance Measure of Ideal solution and Closeness Coefficients 
Distance of SVNPIS Distance of SVNNIS Closeness 
Alternatives |" C, C C3 Pt Cc CG C3 P Coefficient | Rank 











Patient-1 0.32 | 0.02 | 0.38 | 0.72 | 0.32 | 0.24 | 0.10 | 0.65 0.47 
Patient-2 0.16 | 0.04 | 0.28 | 0.48 | 0.35 | 0.20 | 0.12 | 0.68 0.59 
Patient-3 0.11 | 0.24 | 0.01 | 0.36 | 0.35 | 0.00 | 0.39 | 0.74 0.67 
Patient-4 0.33 | 0.08 | 0.15 | 0.56 | 0.30 | 0.16 | 0.29 | 0.76 0.58 











Wle]rm] & 









































From Table-8, is the most diseased is patient-3 and is severely affected by Covid-19, which indicates the 
requirement of critical care and treatment, while Patient -3 is less affected when compared with the others. Thus, 
TOPSIS method for plithogenic sets can be used to identify the severity of Covid-19 patients. 


4. Conclusion 

In this paper, we considered the multi-standards choice making, an issue when there is a gathering of 
decision makers. While crisp data is insufficient to show the real circumstances in MCDM, we changed accessible 
systems in the TOPSIS strategy when decision-makers used linguistic variables. With respect to estimation of 
reality, plithogenic sets provide a mean for aggregation of multiple decision makers’ opinion. The concept of 
plithogenic sets is extended to TOPSIS method and demonstrated to the framework of Covid-19. 
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